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PREFACE

The National Center for Earthquake Engincering Research (NCEER) is devoted to the expansion
and dissemination of knowledge about earthguakes, the improvement of earthquake-resistant
design, and the implementation of seismic hazard mitigation procedures to minimize loss of lives

and property. The emphasis is on structures and lifelines that are found in zones of moderate to
high seismicity throughout the United States.

NCEER’s research is being carried out in an integrated and coordinated manner following a
structured program. The current research program comprises four main areas:

= Existing and New Structures

+ Secondary and Protective Systems
« Lifeline Systems

* Disaster Research and Planning

This technical report pertains to Program 1, Existing and New Structures, and more specificaily
o system response investigations,

The long term goal of research in Existing and New Stractures is to develop seismic hazard
mitigation procedures through rational probabilistic risk assessment for damage or collapse of
structures, mainly existing buildings, in regions of moderate to high seismicity. The work relies
on improved definitions of seismicity and site response, experimental and analytical evaluations
of systems response, and more accurate assessment of risk factors. This technology will be
incorporated in expert systems tools and improved code formats for existing and new structures.
Methods of retrofit will also be developed. When this work is completed, it should be possible to
characterize and quantify societal impact of seismic risk in various geographical regions and

large mumicipalities. Toward this goal, the program has been divided inio five components, as
shown in the figure below:

Program Elements: Tasks:

Earthquake Hazards Estimates,

Ground Motion Estimates,

New CGround Motion Instrumentation,
Esarthquake & Ground Motion Data Base,

Seismicity, Ground Motions
and Seismic Hazards Estimates

¥

Geotechnical Studies, Sotls Site Response Bstimates,
5 Large Ground Deformation Estimates,

and Seil-Structure Interaction e Sail-Stneture Interaction,
. Typical Suucwres and Critical Structural Components:
System Response: o Testing and Analysis;
Testing and Analysis Modem Analytical Tools,
% ? Vulnerability Analysis,
Reliability Analysis Reliability Analysis,
; Risk Assessment
and Risk Assessment ;
dR A o Code Upgrading,
1t Systems Axchitectural and Structural Design,
Expert Sy Evaluation of Existing Buildings,

ib



System response investigations constitute one of the important areas of research in Existing and
New Structures. Current research activities include the following:

1, Testing and analysis of lightly reinforced concrete structures, and other structural compo-
nents commeon in the eastern United States such as semi-rigid connections and flexible
diaphragms.

2. Developmenti of modemn, dynamic analysis tools.

3. Investigation of innovative computing techniques that include the use of interactive
computer graphics, advanced engineering workstations and supercomputing.

The ultimate goal of projects in this area is to provide an estimate of the seismic hazard of
existing buildings which were not designed for earthquakes and to provide information on typical
weak structural systems, such as lightly reinforced concrete elements and steel frames with
semi-rigid connections. An additional goal of these projects is the development of modem
analytical tools for the nonlinear dynamic analysis of complex structures.

The systems response area is, in part, concerned with the design and analysis of structures using
sophisticated computer programs. This report describes improved models for the analysis and
design of reinforced concreie frames and for damage estimation. These can be used to assess the
expected distribution of damage throughout the frame. The program can help to estimate the
response of reinforced concrete frames and in damage assessment. The program and the new
models are described in detail and a listing of the program is provided.
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ABSTRACT

A computer program for the automatic damage controlled design of reinforced
concrete frames is described. The program is an extension of DRAIN-2D with
various enhancements, such as an improved model for RC frame elements, auto-
matic generation of random earthquakes, a new damage model, and an automated
damage-controlled design. The current version covers only beam and beam-column
elements. It is intended to implement other structural element types in fature
program versions.

This report reviews a few important aspects of the program, some of them
retained from DRAIN-2D, such as basic structural analysis assumptions and the
step-by-step solution of the nonlinear equations of motion. The frame element and
damage model are described in some detail, as are the basis for the automated
damage-controlled design procedure. Several examples illustrate the use and capa-
bilities of the program.

Appendices contain the user’s manual and the complete source listing of the

program.
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1. Entroduction

Modern seismic design of concrete buildings relies on the energy dissipation of
structural components through large inelastic deformations. A consistent design
approach thus requires a rational assessment of the reliability of a given design sub-
jected to a hypothetical seismic event of specified intensity. As long as the structural
response is limited to linear elastic behavior, standard methods of structural analy-
sis suffice for this task, and very approximate techniques have proven adequate for
most practical purposes.

If inelastic frame action is taken into account, accurate response analyses are
considerably more difficult. Even though grossly simplified analysis methods have
been proposed for design purposes {9), their application to actual structures is not
straightforward, and their accuracy varies widely. Thus, more refined mathematical
models and analysis techniques are needed for unusual situations. They also can
be used for calibration purposes in cases where data from physical experiments are
not available.

It is the purpose of this report to document SARCF, a computer program for
seismic analysis of reinforced concrete frames, which has been partially developed
at Columbia University. It contains a refined mathematical model for reinforced
concrete frame elements, which can simulate the strength and stiffness degradation
observed in laboratory experiments under strong load reversals. The large compu-
tational effort required for full-scale nonlinear seismic analyses will preclude the use
of this program in the day-to-day operations of a design firm, but its claim to high
accuracy commends it for special and comparative purposes.

A significant feature of the program is its automted damage-controlled design
procedure. It incorporates a set of design rules, with which it can perform iterations

on a preliminary design entered by the user, until a uniform damage distribution of
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specified value is achieved. Thus the least amount of damage and high reliability of

the frame for a seismic event of given intensity is assured.

The program is based on the well-known structural analysis program DRAIN-

2D (8). Over the years, the following major modifications and enhancements have

been added to the program.

1)

3)

o1
—

The Roufaiel-Meyer frame element model (11,12}, with enhancements due fo
Chung (4,5), was incorporated to replace the element models supplied with the
standard DRAIN-2D version.

At any time during a dynamic time history analysis it is possible to interrupt
the analysis to compute mode shapes and natural frequencies using the current
tangent stifiness of the frame.

At each time step during the dynamic time history analysis, a damage index
is computed for both ends of each element in the frame.

Whereas DRAIN-2D expects the user to supply a ground motion time history
and performs only one time history analysis per run, SARCF may also generate
an arbitrary number of artificial ground motion histories upon demand, using
Monte Carlo simulation.

The program can perform a static analysis for gravity loads before executing
the dynarmic timne history analysis. Thus the problem of nonlinear superposition
is solved correctly.

Following the analysis of a frame structure for a specified number of ground mo-
tions, the program computes mean value and standard deviation of all element
damage indices.

The program contains a number of design rules which it utilizes to modify the
given frame such that the damage distribution becomes as uniform and as low

as specified by the user.



The next chapter summarizes some of the important theoretical aspects of the
original DRAIN-2D program, especially the numerical method used to solve the
nonlinear equations of dynamic motion. Also the eigenvalue solver and artificial
ground motion generator will be reviewed briefly.

Chapter 3 contaings summary descriptions of the hysteresis model for RC frame
elements, as well as of our damage index. The automated damage-controlled design
procedure is described in chapter 4. The examples in chapter 5 illustrate the various
capabilities and the use of the program. The user’s guide in Appendix A contains
detailed input specifications as well as instructions for preparing the data file and
executing the program. The complete Fortran source listing of the program is given

in Appendix B.






3. Noulinear Dynamic Frame Analysis

This chapter summarizes some of the theoretical background for nonlinear dynamic
analysis of frames. Much of this material is based on program DRATN-2D (8). The
eigenvalue solver utilizes the determinant search algorithm of the well-known SAP4

program (3).

2.1 Basic Assumptions

For analysis, a structure can be idealized as a finite number of nodes, or joints,
interconnected by a finite number of deformable elements, or members. The nodes
may have finite dimensions, but are commeonly idealized as points. The clements
may in general be one-, two- or three-dimensional, but in the present version of
the program only one-dimensional or line elements are incorporated. Loads may be
applied to the nodes or to the elements.

The analysis is based on the following assumptions:

1) The input structure is idealized as a plane frame. OQut-of-plane motion is
ignored.

2} Each member is treated as a massless prismatic line member represented by its
centroidal axis, and all the mass in the structure is assumed to be Tumped at
the corresponding nodes.

3} The P—A effect is taken into account by adding geometric stiffness to the
column stiffness, using the axial forces produced by the static loads.

4) Axial and shear deformations of the frame are ignored.

5) The idealized frame is assumed to be fixed at the base of the first story columns
on a rigid fouzgdation.

Based on the above assumptions, the equilibrium equations to be solved at

any stage of the analysis can be obtained as described in the next section. They
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are solved by an efficient algorithm based on the Gaussian elimination method.
The structure stiffness is stored in a compacted form to optimize the use of core
storage, and during the elimination operation virtually all unnecessary arithmetic
operations are avoided. The initial elastic stiffness is stored separately in the case

that the automated design option is exercised.

2.2 Solution of Equations of Motion

Basic analysis procedures are the same as those for DRAIN-2D (8). That is,
member forces are computed for each load increment, and the tangent siiffness
matrix is updated to account for changes in any of the element stiffnesses. The

equations of motion to be solved at any stage of the analysis are written as

[Mi{ad} + [Cel{Au} + [Ki{Au} = {Ap} (2.1)
where

[K;] : current tangent stiffness matrix
[M] : mass matrix
[Cy] : current damping matrix

{Ap} = —[M|{I}{Ad,}

: load increment due to earthquake excitation
{I} : modal influence vector

Aiig : earthquake ground acceleration increment

The above system of equations is solved using the constant acceleration method
(2). That is, using velocity and acceleration at the previous time step, the finite

increments are . 4
{ad} = X’EE{A”} - E{i"o} — 2{ii,}

> (2.2)
(A} = 1 {Au} - 2{d0}
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where the subscript “o” refers to the previous time step. The damping matrix is
assumed to be a linear combination of mass and stiffness proportional components,

known as Rayleigh damping,
[Ct] = a[M] + B|K}] (2.3)

Substitution of Eqs (2.2) and (2.3) into Eq (2.1) gives

(fﬁ + %) [MI{Au} + | K] (1 + %’%) {Au} - 26K |{u.} (2.4)

. 4 .
= {Ap} + [M{2i, + o +2at,}
To avoid the need to compute the product B[K;]{2i,}, Wilson (16} suggested the

following transformation.

{Az} = {Au} + p{A4} = (1 + %%) {Au} —28{i,} (2.5)
Using Eq (2.5), Eq (2.4) becomes

WM + K {Az) = {Ap} + [M]{2i, + ﬁ}gao + 20} (2.6)

where

After the solution of Eq (2.6) for {Az}, the nodal displacement increments, {Au},
are obtained from Eq (2.5).

The proportionality factors « and 8 of Eq (2.3) can be determined by specifying
damping ratios, A; and A, for any two modes of vibration, say the first and second

modes. The set of two simultaneous equations used to obtain « and 8 is

A, = o +ﬂwn

g M f £ 1,2 27
2w, 2 ! ( )
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where A, indicates the proportion of critical damping in the n-th mode and w,

denotes the circular frequency of the n-th mode.

2.3 Generation of Artificial Earthquakes

For nonlinear dynamic analysis of structures, the representation of earthquake
ground motions as a stationary random process is of limited use because of the
time dependency of the mean peak acceleration envelope and the duration of strong
ground motion. Artificial ground acceleration histories, £(t}, can be generated by
multiplying an envelope function, s(t}, and a stationary Gaussian process, g(t}).
The envelope is here assurmed to be either of a trapezoidal form or an exponential

function, Fig 2.1 (14),

e—ozt . e—,@t

s{t) = P a— T £>0 (2.8)

where o and # are positive constants and ¢, = awm%w’é«ln (%) with a > . A Gaussian

process, g{t}, can be obtained by using the well-known Kanai-Tajimi spectrum as
the power spectral density function,

1+ 4g7(2)?
L= () + 4 (2

g

S(w) = 5, x (2.9)

where w, is the characteristic ground frequency, ¢, is the predominant damping
coefficient, S, is the intensity of Gaussian white noise over the range —~oo < w < co.

The Gaussian process, g{t}, can be generated by using Monte Carlo technique (15},

g(t) =v2 Y +/Glwy) hw - cos(wit — o) (2.10)
k=1

where ¢, is the random phase angle, uniformly distributed between 0 and 2.
wr = kAw, and w, = NAw is the upper cut-off frequency. G(wi) = 25{wy) is

the one-sided power spectrum. To generate an artificial earthquake, Shinozuka (13)
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suggested the following relationship between the intensity, S,, and the peak ground

acceleration, PGA. With

S, 1+ 4¢2
o2 = E[seg] - ij(w) do = 20™el1 +45) (2.11)
2¢,

the peak ground acceleration can be written as
L
PGA = @,57 (2.12)

where g = p, {"ng("ii_g + 2§g)] %, and p, denotes the peak factor, empirically as-
sumed to be 3.0 in this study.

Because of the random nature of earthquake acceleration histories, structure
response quantities (such as damage indices) are more meaningful if formed as
averages for an ensemble of responses, rather than responses to individual input
functions. In order to determine the minimum number of sample functions necessary
to give useful mean responses, the running mean values of damage indices for certain
structural elements of a frame can be computed as functions of the number of sample
earthquake input histories (6). The number of sample functions to be generated is

input by the user.

2.4 Eigenvalue Solver

The eigenvalue solver is based on the determinant search algorithm and has
been adopted with minor modifications from the SAP4 program (3). The theoretical

background has been described in detail by Bathe (2).

The user has the option of computing the natural frequencies and mode shapes,

by interrupting a time history analysis at any point to solve the eigenvalue problem

[Kil{i} = wi[M]{¢:} (2.13)
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where

[K{] : current tangent stiffness matrix
[M] : mass matrix
{#:} : i—th modal vector

w; : the natural frequency corresponding to i—th mode
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3. Frame Element and Damage Index

This chapter describes the reinforced concrete {rame element model of SARCF.
Originally proposed by Roufaiel and Meyer (11,12}, several aspects of the model
have been refined by Chung (4,5}, particularly for the representation of stiffness and
strength degradation. This model takes into account the finite size of the plastic
regions and realistically simulates the experimental hysteretic behavior under cyclic
load. In addition, the computer program contains a new damage model as an

objective measure of strength deterioration.

3.1 Primary Moment-Curvature Curve
The primary moment-curvature curve relates moment to curvature under
monotonically increasing loading. If the stress-strain laws for steel and concrete
are specified and the cross-sectional dimensions are known, it is relatively straight-
forward to compute the moment associated with any specified curvature (4).
First, the neuiral axis has to be positioned for a given moment or curvature,
based on the corresponding concrete or tensile steel strain. The complete moment-
curvature is obtained by increasing the concrete strain or steel strain in small incre-
ments from zero until any one of the possible failure modes is reached, and at each
step computing the neutral axis position, the curvature and the bending moment.
This analysis is based on the following assumptions:
1) The stress-strain curves of reinforcing steel and concrete are idealized as shown
in Figs A.2 and A.3;
2} The tensile strength of concrete is ignored;
3) Plane sections remain plane after deformation;

4) The axial force, if any, is acting at the plastic centroid of the section.



3.2 Hysteresis Model
Under load reversals, the stiffness of a RC member experiences a progressive re-
duction due to cracking of the concrete and bond deterioration of the steel-concrete
interface. In a Takeda-type model, a set of rules is specified, with which it is possible
to characterize the hysteretic behavior more realistically than either with a simple
bilinear or degrading bilinear formulation. The model of Roufaiel and Meyer uti-
lizes such a set of rules and therefore has been adopted herein, together with certain
improvements to better represent stiffness and strength degradation, Fig 3.1.
The hysteresis response can be characterized by five different types of branches:
1} Elastic loading and unloading: If the maximum moment does not exceed

the yield moment My, the moment-curvature relationship is given by
AM = (EI){Ad (3.1)

where (EI); = (EI), is the initial elastic sectional stiffness.
2} Inelastic loading: If the moment exceeds the yield moment and is still

increasing, the moment-curvature relationship is given by

AM = (EIA¢ (3.2)
MY — MmF
where (EI)Q e p(EI)e = W.
3) Inelastic unloading: If the moment decreases after the yvield moment has

been exceeded, the moment-curvature relationship becomes

AM = (El)sA¢ (3.3)

M+
oF — 67"

sense. Likewise, a “~” superscript stands for loading in the negative sense.

where (El); = The “+” superscript denotes loading in the positive

4) Inelastic reloading during closing of cracks: In a reversed load cycle,

previously opened cracks tend to close, leading to an increase in stiffness and
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a characteristic “pinched” shape of the moment-curvature curve. This effect is
a function of the shear span. If the absolute value of the moment increases but
is still less than a certain “crack-closing moment”, M. I;*“ , the moment-curvature

relationship is in this case

AM = (El4A¢ (3.4)
M+
where (EI)4 == P,
¢p '—' ¢r
Inelastic reloading after closing of cracks: Once the absolute value of

the moment exceeds the “crack-closing moment”, MF;*“ , and is still increasing,

then the moment-curvature relationship is

AM = (EI)sAé (3.5)

e
MaMy |
¢_-,; - ¢p

For further details see Ref (4). It should be emphasized that this model, unlike

where (El)s =

most other models, does not depend on the program user’s input of either stiffness

or strength degradation parameters. These parameters are determined internally

from the basic material and section properties that are input.

3.3 Tangent Stiffness Matrix

To compute the tangent stiffness matrix of a general frame member, the element

is subdivided into three regions, Fig 3.2:

1) an inelastic region of length z; at node i, having the average stiffness (E1);,

2) an inelastic region of length z, at node j, having the average stiffness (EI);,

and

3) an elastic region of length L — z; — z; with the initial stiffness (E1),.

For the six planar degrees of freedom identified in Fig 3.2, the tangent stiffness
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of this frame element can be written as

" k1 G 0 kg 4] 0
kag kaa O kas  kae
_ kza 0O kas kse
[He] = ke OO
SYm. k55 kg@
L. k@@,
The coefficients, kyy = kgg = —kyq4 = %—1, are assumed to remain constant. Kas,

kag, and kss are obtained from their flexibility counterparts, which in turn can be

computed by integrating the moment-curvature expressions over the entire length

of the member.

Denoting by

o (EI),
= (BT
(ED),
%= (ET);

(3.6)

the stiffness ratios for the end regions ¢ and 7, the flexibility coefficients are given

by Roufaiel {12).

1

Jig = W [(QJ’ - 1):::? —{Q: — 1ML~ m-;)?’ + QiLs]
1
fi5 = m [(Q’i - 3)37? ~(@; — (L - zj)s + QJ'Lg]
i LS
fij = S(ET).L2 (@; —1)z3(1.5L — z;) + (@i — 1)z (1L — o) + =
(3.7
The corresponding stiffness coeflicients follow as
f3i
kay = ————x-
T fafi - 1
koo = L - (3.8)
fiz‘fjj - %
fa'j

hag = — A
30 Jiksi — T3
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The remaining coefficients follow from statics

{kas + kae)

Koz = —kgs = T
k k
koe — k5o = *(“""?E%——“%) (3.9)

(k3a + 2 X kgg + kes)
T2

kaz = kg5 = ~kos =

The length z; and stiffness ratio @, of the plastic region at node ¢ depend on the
current branch of the moment-curvature diagram. For elastic loading or unloading,

we have
z; = 0.0
(3.1{))
Q=10

2

For inelastic loading (see branch 2 in Fig 3.1), the length of the plastic region is

determined by
_ M- M,

= L 3.11
Mi+MJ' ( )

Zg

because bending moments are assumed to vary linearly along the beam length. The
stiffness ratio within the plastic region is assumed to be constant over the length z;
and equal to the value at node 1, i.e.

_ (ED).

(3.12)

Upon inelastic unloading, z; remains the maximum plastic region length reached in
any previous inelastic loading cycle. But now the stiffness varies over the length of
the plastic region, and for an accurate analysis, it would be necessary to compute
the stiffnesses at all sections. This would be a time-consuming task and require
considerable computer storage. In order to simplify this task, an empirical averaging
process is used.

Directly at node ¢ the stiffness has to be equal to {£I)s, while at the border

line between plastic and elastic regions it is {ET),. We approximate the variable
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stiffness by an average value, assumed to be constant over the length of the plastic
region and given by

(E1).
(ED)e + (1 — ) (ET)s

(FD)s = (ED)s- (3.13)

‘where ¢ is an empirical constant, for which values between 0.5 and .75 have been
found to give most accurate results. In the present analysis a value of 0.5 is used.
The stiffness ratio for the plastic region at node ¢ during inelastic unloading

follows as

s _ (ED. _ ((ED). |
“ = @, ((EI)3 1) +1 (3.14)

Similarly, the stiffness ratios during inelastic reloading{ branches 4 and 5 in Fig 3.1)

t- - ()
_ (!

~ (B (@n 1)+

are

(3.15)

3.4 Nodal Damage Index

This damage index, D., quantifies the damage of a member section in a plastic
hinge. It takes into consideration the nonlinear relationship between maximum
displacement and dissipated energy, the strength deterioration rate and the number
of load cycles to failure. The damage index is expressed in the form of a modified
Miner’s Rule. It contains damage modifiers, which reflect the effect of the loading
history, and it considers the fact that RC members typically respond differently to

positive and negative moments:

i nf -1y
D, = E of g7 Tl (3.16)

where

1 : indicator of different displacement or curvature levels

3—6



_ M- My
AM;

AM; : strength drop in one load cycle up to curvature level ¢, Fig 3.3

N : number of cycles up to curvature level ¢ to cause failure
n; : number of cycles up to curvature level 7 actually applied
o; : damage modifier

+, - : indicator of loading sense

(M; — Mjp;) denotes the total strength drop at curvature level i. The strength drop

in a single load cycle up to curvature level 7, AM; (Fig 3.3), is given by

L ¢i"-<;f>f)w
AM; ('—m’“@sf—_ ) Ay (3.17)

The loading history effect is captured by including the damage modifier oy,

which, for positive moment loading, is defined as

+
1 sh o+
Ak e
+ o=l ’réz' + ¢i—-1
of = I . - (3.18)
ks 2¢;
where
M
ki = —2 (3.19)
¢;
is the stiffness during the j-th cycle up to load level ¢, Fig 3.4, and
Nt
— I v~ 4
o= — >k (3.20)
t foe
is the average stiffness during Nﬁ" cycles up to load level ¢. Denoting with
MFE = MA - (j - 1)AM;} (3.21)

the moment reached after j cycles up to load level ¢, Fig 3.4, the damage modifier

a?‘ can be expressed as

o M 3(er 1) AMF g 4ot

LT M 0AMF T g

(3.22)
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As Fig 3.4 illustrates, the energy that can be dissipated during a single cycle
up to a given load level 7 decreases in successive cycles. That means the damage
increments also decrease. In a constant-amplitude loading sequence, the first load
cycle will cause more damage than the Ia,st one. As a result, the a;-factor decreases
as load cycling proceeds. This has been considered by incorporating the stiffness
pF+od

i 2751 has been introduced to normal-

ratio into the damage modifier. The factor 267

ize the damage increments in the case of changing load amplitudes. For negative
loading, “+” superscripts are replaced by “~” superscripts. For further details refer

to Refs (4,6).

3.5 Structural Damage Index

A structural damage index can be composed of individual story damage indices
(10), each of which is a weighted average of the damage indices of all potential plastic
hinges in the story under consideration,

¥tk
>, Df-Ef
tm=1

Dg, = (323)

Rk
3. Bf
=1
where Dg, and Di? denote the damage index for k-th story and for joint 1 in story
k, respectively. ny is the number of potential plastic hinges in the k-th story (2 x
number of elements in story k). EF is the energy dissipated in joint ¢ of story k.

i

Then, the structural damage index, Dy, can be defined as,
N
Dy = Y DsIi (3.24)
k=1

where N is the total number of stories. [ = &j}%:jg is the weighting factor for
story k, which expresses the greater importance of the lower stories of a building

(I, = 1 for k = 1).



By combining the detailed damage information of an entire frame into a single
number (D,}, too much information is lost to make this single structural damage in-
dex a useful estimator of the structure’s residual strength and capacity to withstand
further loading. However, for other purposes such as insurance risk evaluations this
kind of single number may be of use. Any rational evaluation of a structure’s reli-
ability appears to be meaningful only if the mechanical deterioration process of all

significant structural members are accurately accounted for.
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Fig. 3.2 — Member Size Model
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4. Automatic Design Procedure

The automatic design method of Fig 4.1 is based on a thorough study of the
effects of three important design variables, the longitudinal reinforcement, the con-
finement steel, and member depth. Design rules derived from a large number of
numerical studies allow an iterative improvement of a preliminary design until the
distribution of damage indices has reached a user-specified degree of uniformity, Ref
(6). The rationale for this design philosophy is that a structure, which is shown to
dissipate energy uniformly in its main components, can be expected to survive an

earthquake of given intensity with the least amount of damage possible.

The key components of the design procedure are, 1) an algorithm to evaluate
the computed damage distribution by comparing it with user-specified acceptance
criteria; 2} a set of design rules which permit the automatic modification of the
structure such that improved performance is guaranteed.

The damage acceptance algorithm contains the following components:

1) Damage (and plastic hinges) in columns is unacceptable, as required by
the strong-column weak-beam concept. Specifically, a column damage index
greater than the user-specified allowable index shall be flagged as unacceptable
in any column except at the base of the first story.

2) The mean value of all beam damage indices shall not exceed a user-specified
acceptance level, allowing for a small prescribed tolerance.

3) The damage index of any beam element shall not deviate from the mean value
computed for all beams by more than a user-specified aliowance. Thus, indi-
vidual beam elements may be flagged as having too much or too little damage.
If the damage index of at least one frame member is unacceptable, corrective

action has to be taken, i.e. the design will have to be modified such that an improved
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performance in a reanalysis is guaranteed and convergence towards an acceptable
design is assured.

Structural designers normally rely on their experience when designing a struc-
ture to withstand seismic loads. They can fall back on both knowledge of rational
principles of structural theory and intuition. The design task is complicated by
the fact that a typical reinforced concrete frame is a highly redundant structure
with intricate load-resistant mechanisms. In addition, the random nature of the
earthguake loading makes the design task more difficult.

By performing numerous numerical parameter studies, we accumulated a store
of experience with a certain regular building frame that structural engineers would
possibly gain in years of practice. The rules summarized below, which are contained
in program SARCY, are considered to form a useful starting point for an automatic
design procedure.

1) For any beam element which showed an unacceptable level of damage in the
preliminary analysis, the longitudinal steel will be increased (or decreased) by

5%,

AAL =005 x A, x SIGN[D ~ D,y (4.1)

where A, is the original amount of steel, [ is the amount of damage determined
in the preliminary analysis, and D,y is the allowable damage index of the beam
element. The steel increments (reductions) of Eq (4.1) are only trial amounts
introduced to determine in a first design iteration the influence of these changes.

2} In a subsequent design iteration “i* , the amount of steel in any beam with

unacceptable damage is changed according to,

D' - Dan

i i—1
AAso——-AAE X W

(4.2)

where AA® denctes the additional(or deductible)} amount of longitudinal steel
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for the element in question, AA%™! denotes the steel increased (or decreased)
for the previous iteration, I?' and D'~ ! represent damage values in the (i)th
and {i-1)th iteration, respectively.

To adhere to the strong-column weak-beam concept, any column with unac-
ceptable damage has to satisfy the requirement, My‘?“t >1.25x M ;’mm, where
M;,"’l is the yield moment of the column considered, and Mgwm is the yield
moment of the beam framing into the same joint. There are four categories
of joints; 1) one beam and one column meeting at a joint, 2) one beam and
two columns, 3) two beams and one column, in which case M 58“”" is the sum
of the absolute value of the two beam yield moments, and 4) two beams and
two columns. In the last case, M 33‘”’" is the average of the two beam yield mo-
ments. Then, the reinforcing steel of each column will be linearly increased{or

decreased) by the amount,

Mi— M

P l
A= BAT X~

(4.3)
where the superscript indicates the iteration number. &M;"l denotes the in-~
crement of the yield moment of the column when the longitudinal steel of the
corresponding column is increased by Z&Ag"l, Since only one reinforcing steel
area is used for the entire column, the more critical joint {top or bottom)
controls.

At any section of an element, the longitudinal steel ratic p shall not be less than
the minimum required by the ACI 318-83 Code (1}, and shall not be greater
than the maximum permitted by the ACI318-83 Code (1}, p < pmazr = —i;,abﬂ?’
where p; is the balanced steel and p’ is the compression steel. For any element

which does not satisfy the above steel requirements, the member depth will be
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reduced (or increased) by:

Ad = A ( or Ad = A > (4.4)
b (Pmin — p) b (p— Pmax)

where b is the width of the element section in question.

The steel ratios of all beams with unacceptable damage indices are either in-
creased or decreased simultaneously. Thus, full use of the superposition principle is
made. Design rule 4 is subjected to practical constraints, which at this time are not
yet fully implemented. This design procedure assures that concentrations of heavy
damage in some vulnerable structural members are avoided. Such local damage
concentrations have led to many collapses in recent earthquakes. It is also felt that
by keeping the damage in a frame uniform, an optimum response to an earthquake

of given intensity is achieved.
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5. Examples

This chapter presents four examples to demonstrate the usage of the different anal-
ysis and design options of program SARCF. Two examples utilize deterministically
specified earthquake ground motions, whereas in the third example the ground ac-
celerations are generated artificially, using an envelope function of the exponential
type. In addition, one example of an automatic design is presented herein. Detailed

input data and some basic output are included with further explanations.

5.1 Deterministic Analysis of Four-Story Three-Bay Frame

This example illustrates the input for one-half of a four-story and three-bay
building frame, by making use of symmetry, Fig 5.1. The nonlinear response to the
¥l Centro North-South earthquake is to be computed. In addition, the fundamental
natural frequency and the damage indices are requested. The input data are listed
in Table 5.1. The printout of the fundamental natural frequency and corresponding

mode shape is listed in Table 5.3, and the maximum story displacements are plotted

in Fig 5.3.

5.2 Deterministic Analysis of Irregular Frame

The input data for the building frame shown in Fig 5.2 are listed in Table 5.2.
As in example 1, the nonlinear response, fundamental natural frequency and the
damage indices are to be computed for the El Centro North-South earthquake. The

output damage indices are listed in Table 5.4.

5.3 Random Vibration Analysis of Four-Story Three-Bay Frame

Input data for this example are almost the same as those for the first example,
except that ten artificial earthquake ground motions are now to be generated. After

the ten analyses, mean and standard deviation of beam damage indices will be
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computed. The output damage information is given in Table 5.5 and plotted in Fig
5.4. The input data for this case are identical to those for example 2 of Table 5.1,

except that lines 1 and 2 read now:

START RANDOM VIBRATION AMALYSIS FOR FOUR STORY - THREE BAY FRAME
1 1 g -1

Pl s

and line 78 through line 147 are replaced by

0 & 12000.010 1.00 1.0 1.0 G.0 300.0
10 T 1.5 11.5 13.0 386.4000 28.2743 0.6 300.0 3.0 1.0
512 g ] CGINPUT ARTIFICIAL GROUND MOTTONS
1 g

8 400 400 440
sT0P

BR2EIES

This input specifies the necessary information for the generation of random artificial

earthquakes.

5.4 Automatic Design Example

The automatic design procedure is to be applied to the frame of Fig 5.1. Design
iterations are to continue until the average damage values of all beams have reached
user-specified values. The input data for this case are identical to those for example
3, except that lines 1 and 2 read now:

1 START AUTOMATIC DESIGN AMALYSIS FOR FOUR STORY - THREE BAY FRAME
2 i i 1 -4

and line 83 is replaced by

83 ¢ 20 0.15 0.05 0.10 .01
84 STOP

This input specifies a target mean value of 0.15 for the beam damage indices, with
tolerance 0.05, and maximura deviation of 0.1. For columns, the maximum allowable
damage index is specified to be 0.01. The damage indices obtained after 13 design

iterations are plotted in Fig 5.5. A maximum of 20 iterations was allowed.
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Table 5.2 — Input Data for Deterministic Analysis of Irregular Frame

Line No. Input Data
i START  NONSYMMMERIC FOUR-STORY FRAME
2 ¢l 1 G -1
3 4 0 19 10 4 1 4 7 2 0 0 30000
4 4 3 2 1
5 10. 480.
& 2240, 480,
7 30. 760,
8 H480. I60.
5 60. 240.
ig 9720, 240.
11 100. 120.
12 14960, 120.
13 150, 0.
14 19960, 0.
15 3005 1 4
16 6 9 2 1
17 10 14 3 1
18 %19 3 1
19 w111 19 1
20 1 2 1 2
21 1 3 3 4 5
22 1 4 [ 7 8 4
23 T 5 16 11 12 93 14
% 1 0.072733 0.072733 9.0 2 0 1.
25 3 0069096 0.069094 0.6 5 2 1.
26 4 0.138188 0.138188 0.0 0 o i,
27 6 0.071251 0.071251 6.6 9 3 1.
28 7 0.142501 0.142501 6.0 8 G 4.
29 10 0.068474 0.068474 0.0 % 4 1.
30 11 0.13696& 0.136948 0.0 13 1 4.
31 8.075 0. 004 0.0 0.0
3z i10 1 2 & 2 0 g
33 1 29000.000 0.01 60.00 0.100
3% 1 4.0 0.0030  0.024
35 2 4.0 0.0030 ©.030
36 -1 18.0 12.00 2.00  1.596 1.50
37 -2 20.0 12.00 2.00  2.400 1.50
38 -3 22.0 12.00 2.00  2.622 1.50
39 % 22.0 12.00 2.00 2.736 1.50
40 1 7.5 -7.5 0.0 0.0
41 2 9.0 9.0 0.0 0.9
42 17 1 2 @8 1 1 1 41 0 0 0 6 © 6.0 0.0
43 2 3 4 0 i 1 2 2 06 0 0 6 G 0.0 0.0
4t 3 4 5 0 1 1 2 2 0 0 0 0 0 0.0 0.0
45 4 6 7 8 2 1 3 2z 0 0 0 0 0 0.8 0.0
46 5 7 8 06 2 1 3 2 0 0 0 0 0 0.9 0.0
47 6 8 9 0 2z 31 3 2z 6 0 0 0 0 0.0 0.0
48 7 10 1 0 2 % 4 2 06 0 9 0 0 6.0 0.0
49 8 11 12 ¢ 2 1 4 2 0 0 0 0 0 0.0 0.0
50 ¢ 12 13 ¢ 2 1 4 7 0 0 0 0 0 0.0 0.0
51 0 13 1% 06 2 1 4 2 0 6 6 0 0 0.0 0.0
52 2 1% 1 3 4 4 7 0
53 1 29000.000 061 60.00  0.100
54 1 6.0  0.0030 0.012
55 2 4.0 0.0030  0.010
56 3 4.0 0.0030 G.CO&
57 -1 15.0 12.00 1.50 2.160 1.50
58 -2 18.0 12.00 1.875  2.993 1.50
59 -3 18.0 15.00 1.875 3,135 1.50
80 -4 18.0 15.00 1.875  3.260 1.50
&1 1 0.0 0.0 -11.0 0.0
&2 2 0.0 0.6 -11.0 11.0
&3 3 0.0 0.0 -10.0 1.0
64 4 0.0 0.0 -9.00 16.0
&% k| 0 26,250 0.0 9.0 -26.250C ¢.0 0.0
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Table 5.3 — Example 1, Output for Fundamental Natural Frequency and

Mode Shape
FIRST MATUARAL FREGUENCY =  0.11419+01 (Hz)
FIRST MODE SHAPE:
NODE X Y R

1 0. T000E+01 0.7361E-02 -0.92426-03
2 0. 1000E+01 -0.5171€-03 -0.58228-03
3 0.10008+01 0. 0000E+00 0.35626-03
4 0.7871E+00 0.69298-02 -0.1621E-92
5 0.7871E+00 -0.43718-03 -0.13268-02
6 0.7B7IE+00 0.000CE+00 0.8012¢-03
7 0.4948E+00 0.5548E- 02 -0. 1700 -2
8 0.4948E+00 -0.2984E-03 -0.15798-02
9 0.4948E+00 0.000GE+00 0.9858-03
10 0.21258+00 9.3095€-02 -0.1829€-02
11 0.21256+00 -0.1970E-03 -0.1536E-02
12 0.2125E+00 0. D000E+00 0.9574€-03
13 0. 0000E+00 0.0000€+00 0. 0000E+00
14 . DOOGE+00 0.0000E+00 0.000CE+00



Table 5.4 —~ Example 2, Output for Damage Indices

NODAL DAMAGE INDICES TIME =  7.690

DAMAGE INDICES FOR BEAM ELEMENT : GROUP i
ELEMENT NODE NODE  DAMAGE INDICES
NO. HO HO AT 1 AT J
1 1 0.0160 2 0.0150
2 3 0.0069 4 0.0046
3 4 9.0109 5 0.0118
4 6 0.0C46 7 0.0036
5 7 0.0033 8 0.0032
& & 0.¢110 g ©.0069
7 10 C.0C67 11 G.0008
8 11 0.0007 12 6.0007
g 12 0.0007 13 §.0007
10 13 (.0004 14 0.0003

DAMAGE [NDICES FOR BEAM-COLUMM ELEMENT : GROUP 2

ELEMENT NODE NODE  DAMAGE INDICES

NO. NC NO AT 1 AT J
1 1 0.ccco 3 0.0154
2 2 0.6000 4 0.0371
3 3 G.ccoo & 0.0000
4 4 0.C6o00 7 0.0076
3 3 0.0000 8 5.0136
6 6 0.GGO0 10 0.90000
7 7 0.0000 11 0.0000
8 8 0.0000 12 0.0000
? % 0.0000 13 0.0155

16 10 0.0000 15 0.0095

11 1 0.0000 16 0.010%

12 12 0.0000 17 0.0143

13 13 0.0000 18 0.0234

14 14 0.0000 19 0.0408

*#%  STORY DAMAGE INDEX  ¥¥*=

FLOOR BEAM COLUMN STORY
4 0.01553 0.02908 0.02400
3 0.06883 0.01061 0.00%56
2 0.00587 0.01509 (.00831
1 0.00290 0.02156 3.01866
GLOBAL DAMAGE = 0.03367



Table 5.5 ~ Example 3, Output of Statistics of All Element Damage Indices

STATISTICS FOR DAMAGE INDICES

BEAM ELEMENTS GROUP

ELEM NCDE NODE
NC.

G~ O WP Ny —

O

- el

- D00 A R

KO

B e D 0O N

—

1

NO. OF
EARTHQUAKE

BEAM-COLUMM ELEMENTS GROUP

ELEM NODE NODE
NO.

D1~ O W =

HO

I

e YR, I=N

HO

RO. OF
EARTHQUAXE

10
10
10

MEAN VALUE
AT I AT

0.0009
0.0000
0.0231
G.0000
0.0987
0.1895
0.1880
0.2812

.0000
.0009
.0012
.0000
0727
.0000
L1557
.0000

[ e = e o o o

2

HEAN  VALUE
AT 1 AT J

.0546
L T4b3
L0803
.1652
. G066
.0562
L0600
.00C4

0.0215
0.1042
0.0169
0.0390
0.0000
0.03136
0.1793
0.3592

o0 OOO0o

STAND DEV
AT 1 AT J

@.0000
0.0000
0.0t71
0.0000
0.0422
0.1144
0.0924
0.1516

0.0c00
0.0C00
0.6015
0.c00C
0.0380
G.0000
0.0837
0.0000

STAND DEV
AT I AT J

0516
.0%89
0561
L0796
L0143
L0374
.0000
L0011

0.0271
0.1103
0.0186
0.0437
0.0000
0.0156
0.0895
0.0742

[ I o o R oo 3 e J e Y e o

VARTANCE
AT I AT J

0.GCo6
G.cooo
G.C003
G.cooo
G.0018
0.0131
G.0085
0.0230

.GGoo
.000a
.0000
.0000
.0014
.0000
L0070
.0000

OCCoOoOCOoOQO

VARTANCE
AT I AT 4

0.0027
0.0098
0.0032
0.0063
9.0002
0.0014%
0.0000
0.0000

0.0007
0.0122
0.0063
0.0017
0.0000
0.0002
0.00&0
0.0055

L0000

.0608
.0000
. 1682

L6012
L5057

[an it 3 o Y o Y oo BN e B v Y}

L1374
.3083

L2933
L0480
L1140
.0ooo
L0036

HMAXTMUM
AT T AT J

0.00600
0.0000
0.0048
0.0600
0.1268
0.0000
0.3637
0.0000

0000

4071

MAX [ MUM
AT 1T AT 4

L0824
L3637
L0550
L1465
0oge
L8532
L3489
L3212

1956

Lo T v T e Y e S R v s 3 o

ODOOO0oCoE

COQOoQOoOC

MINIMUM

AT I AT J
L0000 0.0000
.000C  G.0000
.00g4  0,0000
L0000 0.0000
L0277 0.0238
L0305 0.0000
L0688 0.0614
L0934 0.0000

MINIMUM

AT 1 AT 4
.0000  0.0000
L0298 0.0004
L0152 0.00380
L0545 0.0049
L0000 0.0000
L0635 0.000¢0
L0000 0.0652
L0000 0.0674
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Mean Damage of All Beams : D = 0.084
Standard Deviation of All Beams 1 op = 0.084

Fig. 5.4 — Mean Damage Indices for Example {jfﬁ.ce Building
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Appendix A — SARCF User’s Guide

The purpose of program SARCF (“Seismic Analysis of Reinforced Concrete Frames”)
is to compute nonlinear responses of reinforced concrete frames subject to deterministic
and/or randomly generated earthquake ground motions, including expected damage val-
ues, with an option to perform automatic design iterations until a user-specified damage
distribution has been achieved.

This program has been written in Fortran-77 for VAX/VMS computer systems and
for the Sun3 micro-computer system. It is a derivative of DRAIN-2D, a general purpose
computer program for dynamic analysis of inelastic plane structures, with various enhance-
ments. At the present, the program can handle only reinforced concrete frames made up
of beam and beam-column elements. Input data are entered in a batch mode consisting of

7 items arranged in the following sequence.

1) “START” card and analysis control data.
2) Structure information.

3} Element information.

4) Load information.

* Static load information.
* Earthquake data, either deterministic or randomly generated.
5) Analysis information,
* Eigenvalue information {optional).
* Damage index information (optional).
* Automatic design procedure (optional).
6} Output specifications.
7} “STOP” card.
Static loads may be applied to the structure prior to the application of the dynamic

loading, but the response to such static loads must remain elastic.

A-1



The present program version makes limited use of fixed dimension statements, so that
some important input variables are subject to upper limits. These restrictions are clearly
indicated in the input specifications below. However, because of the use of PARAMETER

staternents, it is relatively easy to relax any one of these capacity restrictions if necessary.

1. Description of Problem
1.1 START Card (A5,3¥,18A4)
Provide a single card with the following information:
Columns 1 - 5 : Enter the word “START”,

6 - 80 : Designate the title of this problem.

1.2 Analysis Control Data (415)
Provide a single card with the following control data:
Columns 1 - & : Code for type of earthquake data (“KEARTH”).
1 : for randomly generated earthquake data.
0 : for deterministic earthquake data.
§ - 10 : Code for damage index (“KDAMAGE”).
1 : compute damage indices.
0 : do not compute damage indices.
11 - 15 : Code for an automatic design analysis. (“KAUTO”)
1: perform automatic design.
G : do not perform automatic design.
16 - 20 : Data checking code (“EDATA”). This code specifies two items of
information: 1} whether to perform a complete analysis or only a
data check run; 2} whether to store all element data in core or on a
scratch file with the result of increased peripheral processing cost.
1 : data check run only.

0 : complete analysis execution, with element data stored on a

A -2



seratch file,

~1 : complete analysis execution, with element data stored in core.

Z. Structure Information

All data necessary to describe the structure are to be supplied in the order and format

as described below. Some data have to be input specifically, while others will default to

previously defined values. Consistent units have to be used throughout. If the automatic

design option is exercised, then only U.S. customary units {foot, pound and kips) are

permitted,

2.1 Structural Geometry Control Card (1115,110)

Columns 1- 5

6-10 :
11 -15 :
16 - 20 .
21 -25
26 - 30
31 -35 :
36 - 40

Number of stories {“NSTORY”).

Number of bays (“NBAY").

If the number of bays is the same for each story, enter this number
here. If it is variable, enter zero here and specify the numbers of
bays in Section 2.2 below.

Number of nodes {“NJTS”).

(e.g. (NBAY+1)x NSTORY)

Number of control nodes, of which z and y coordinates are to be
specified (“NCONJIT”). See Section 2.3.A.

Number of node generation commands (“NCDJT”).

See Section 2.3.B.

Number of zero displacements commands (“NCDDOF”).

See Section 2.4.

Number of identical displacements commands (*NCDDIS”),

See Section 2.5.

Number of lumped mass commands (“NCDMS”).

See Section 2.6.



41 - 45 : Number of different element groups in structure (“NELGR”).
46 - 50 : Structure stiffness storage code (“KODST”). A duplicate structure
stiffness matrix is always retained and periodically updated and
stored in core, if sufficient memory is available, else it is stored on a
scratch file, Whether the stiffness duplicate can fit into core or not
can be determined in a data check run (KDATA = 1, see Section
1.2} by setting KODST = 0.
0 : store stifiness duplicate in core.
1 : store stiffness duplicate on scratch file.
51 - 55 : Symmetry option code (“KSYM”).
1 : only left half of structure is modeled.
0 : no use of symmetry is made.
-1 : only right half of structure is modeled.
56 - 65 : Blank COMMON length to be allocated.
Enter the number of double-precision words. The length of blank
COMMON to be allocated depends on the size of the problem and
is difficult to compute by hand. This important information is
provided in a data check run (KDATA = 1, Section 1.2). The
current program defaults to COMMON A{50000}. If this memory
allocation turns out to be insufficient, the main program of SARCF
has to be recompiled with an appropriately increased COMMON

allocation.

2.2 Number of Bays {1615)

Omit if the structure has the same number of bays in each story, i.e. if a non-zero
value for NBAY was entered in Section 2.1. If the number of bays varies, enter for each

story the actual number of bays, starting with the ground story and preceding to the top.
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If the number of stories exceeds 16, use two or more cards, a3 needed.

2.3 Node Generation Cards

The node generation cards allow the omission of input data for frames which exhibit
some regularity. For example, if all story heights are equal, it suffices to specify the
coordinates of only the top and bottom nodes {defined as “control nodes”) and to prompt
the automatic generation of the coordinates for all nodes inbetween. Note that all control
nodes are to be defined first, one node per card, followed by all node generation commands,
with one command per card.

Node numbers can be assigned in any arbitrary sequence. However, if use of the
automatic design option is made, nodes have to be numbered sequentially, starting from
the top story as shown in Fig A.1. If no use of the node generation option is made, enter

all nodes as “control nodes”.

2.3.A Control Node Cards (15,2F10.0)

Columns 1- 5 : Node number.
6~ 15 : X coordinate of node.
16 - 25 : Y coordinate of node.
2.3.B Node Generation Commands{415)
Omit if NCDJT = 0. (See Section 2.1}
Columns 1- 5 : First node number in the line of nodes.
6 - 10 : Last node number in the line of nodes.
11 -15 : Number of nodes to be generated along the line.
16 - 20 : Node number increment between any two successive nodes.

Default value = 1.

2.4 Zero Displacements Commands (615)

These commands allow the specification of a series of nodes having identical boundary
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conditions, identified by the code
1 : For fixed boundary condition.
0 : For free boundary condition,.

Enter NCDDOF cards, with one command per card. See Section 2.1.

Columns 1- 5 : First node number in series.
6 - 10 : Code for X displacements.
11 - 15 : Code for Y displacements.
16 - 20 : Code for rotations.
21 - 25 : Last node number in series. Leave blank for a single node.
26 - 30 : Node number increment between any two successive nodes in series.

Default = 1.

2.5 Identical Displacements Commands (1615)

One command for each card. Omit if NCDDIS = 0. See Section 2.1.

Columns 1 - 5 : Displacement code:
1 : For X displacement.
2 : For Y displacement.
3 : For rotation.
6 - 10 : Number of nodes having identical displacement (Maximum =14).

11 - 15 : First node,

16 - 20 : Second node etc.
List up to 14 nodes in this card. If there are more than 14 nodes
with identical displacement, two or more commands will be used,
with the nodes in increasing order in each command. The smallest

node number has to appear on each command card.



2.6 Lumped Mass Commands (I5,3F10.0,215,F10.0)

One command for each card. Omit if NCDMS = 0. See Section 2.1.

Columns 1- 5 :

6-15
16 - 25
26 - 35
36 - 40
41 - 45
46 - 55

First node number in series.

Mass associated with X displacement.

Mass associated with Y displacement.

Rotary inertia.

Last node number in series. Leave blank for a single node.

Node number difference between any two successive nodes in series.
Default = 1.

Scale factor by which input masses are to be divided (“SCALE”).
Default value is the one specified in the preceding command, so
that the same factor applies to all subsequent commands until it
changes again. Thus, it needs to be specified at least for the first
command. If masses are input as weights, enter the gravity constant

for SCALE. For example, a 100 kip weight {or sh2% = 0.2588 k& —

sec® [in mass) may be input as a mass “100.”, with scale factor

“386.4”,

2.7 Damping Information (4F10.0)

Four different types of damping may be specified singly or in combination.

Columns 1- 10 :

11-20 :
21 - 30
31-40 :

Mass proportional damping factor, .
Tangent stiffness proportional damping factor, 3.
Original stiffness proportional damping factor, 3,.

Structural damping factor, 8.

Note : Use of structural damping may be problematic, especially for inelastic struc-

tures. A possible cause is that the damping forces tend to accentuate small

oscillations in numerical computations. From past experience, the following
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values give realistic resultst o == 0.07, # = 0.004, 8, =0 and 6§ = 0.

3. Element Information

Only frame elements with or without axial force are incorporated in the current pro-
grain version. That is, there are two different element types, beam-columns and beams.
All elements of a frame must be divided into groups. All elements in any one group must
be of the same type, and typically all elements of the same type will be included in a single
group. However, elements of the same type may be subdivided into more than one group

if desired. The number of groups, NELGR, was specified in Section 2.1.

If the automated design option is not exercised, element groups may be input in any
convenient sequence. Otherwise, the beam element group has to be input before the beam-
column element group. In any case, the elements within a group must be numbered in
sequence. In addition, in the automatic design option, elements are to be sequentially

numbered from the top story as shown in Fig A.1.

FEach group needs all the following data.

3.1 Group Control Information (815)

Columns 1~ 5 : Group type number.
1 : for beam element.
2 : for beam-column element.
6 - 10 : Number of elements in this group (“NMEM”).
11 -15 : Number of different reinforcing steel types (“NSTL”).
See Section 3.2.
16 - 20 : Number of different concrete types {(“NCON”).
See Section 3.3.
21 - 25 : Number of different cross section types (“NSEC”).

See Section 3.4,



26 - 30 : Number of different end eccentricity types (“NECC”).
See Section 3.5.

31 - 35 : Number of different fixed-end forces patterns (“NFEF”).
See Section 3.6.

36- 40 : Number of different initial element force patterns (“NINT”).

See Section 3.7.

3.2 Reinforcing Steel Types (15,F15.4,F10.4,F10.2,F10.5)
Supply NSTL cards (see Section 3.1}, one for each different reinforcing steel. See Fig
A.2 for definitions. Assign each type a number, starting with 1, up to maximum 6.
Columns 1 - 5 : Type number.
6 - 20 : Young’s modulus, F,.
21 - 30 : Strain hardening ratio, as a fraction of Young’s modulus, P,.
31 - 40 : Yield stress, fqy.

41 - 50 : Ultimate strain, €g,,.

3.3 Concrete Types (15,3F10.4)
Supply NCON cards (see Section 3.1), one for each different concrete type. See Fig
A.3 for definitions. Assign each type a mumber, starting with 1, up to maximum 9.
Columns 1- 5 : Type number.
6 - 15 : Uniaxial concrete strength, f7.
16 - 25 : Strain at maximum stress, €.

26 - 35 : Confinement steel ratio, p.

3.4 Cross Section Types (I5,4F10.4,F5.2,3F10.4)
Supply NSEC cards (see Section 3.1}, one for each different cross section. See Fig A.4
for definitions. Assign each type a number, starting with 1, up to maximum 9. Input

negative type number for the section which is symmetrical about horizontal axis.
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Columns 1- 5 :

6-15
16 - 25
26 - 35
36 - 45
46 - 50
51 - 60
61 -70 :
71 - 80

Type number (Negative for symmetrical section).

Height of cross section (“HT”).

Bottom width of cross section (“BB”).

Distance from the bottom face to the centroid of bottom reinforcing
steel (“DCB”).

Area of bottom reinforcing steel {“ASB”}.

Strength degradation parameter, w.

This parameter depends on various factors, such as the longitudinal
steel ratio, the confinement ratio, the axial force. Values between
1.5 and 2.0 have been found to lead to realistic results.

Top width of cross section (“BT”).

Leave blank or zero for symmetrical section.

Distance from the top face to the centroid of top reinforcing steel
(“DCT”).

Leave blank or zero for symmetrical section.

Area of top reinforcing steel (“AST”).

Leave blank or zero for symmetrical section.

3.5 End Eccentricities (I5,4F10.4)

Plastic hinges may form near the faces of a connection rather than inside a beam-

column joint. This behavior can be modeled with rigid links connecting nodes with the

respective element ends, as shown in Fig A.5.

Supply NECC cards (see Section 3.1), one for each different kind of eccentricity with

which members are attached to a node. Omit if NECC = 0. All eccentricities are measured

from the node to the element end. Assign each different eccentricity type a number, starting

with 1, up to maximum 15.

Columns 1- 5

Type number.
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6-15 : X; = X eccentricity at end i.
16 - 25 : X; = X eccentricity at end j.
26 - 35 : Y; = Y eccentricity at end i.

36 - 45 : ¥; = Y eccentricity at end j.

3.8 Fixed-End Force Patterns (215,7F10.0)

Static loads applied along the lengths of beams and beam-column elements may be
taken into account by specifying fixed-end forces as shown in Fig A.6. These forces are those
which must act on the element ends to prevent end displacements. The sign convention
for these forces is as shown in Fig A.8.

Supply NFEF cards (see Section 3.1}, one for each different fixed-end force pattern.
Omit if NFEF = 0. Assign each different fixed-end force pattern a number, starting with

1, up to maximum 35.

Columns 1- 5 : Pattern number,
6 - 10 : Coordinate system code.
0 : Forces refer to element coordinate system, (Fig A.6.a).
I : Forces refer to global coordinate system, (Fig A.6.b).
i1-20 : Fixed end force, Fy,.
21-30 : Fixed end force, Fy,.
31 - 40 : Fixed end moment, AM;.
41 -50 : Fixed end force, Fe,.
51 -60 : Fixed end force, Fy..
61-70 : Fixed end moment, M;.
71- 80 : Live load reduction factor. The fixed-end forces specified for each
element may account for the live load reduction as permitted, e.g.
by the Uniform Building Code for members with large tributary

areas. For dead loads, however, this reduction factor is ignored.
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3.7 Initial Element Force Patterns (15,6F10.0}

For structures for which static analyses are carried out separately, initial member forces
such as those due to prestress may be specified by use of initial element force patterns.
These forces are converted internally to nodal loads, using the same sign convention as
indicated for fixed-end force patterns. The geometric stiffness, if used, is based on the
initial axial force plus any axial force due to static loading, and may be included for the
dynamic loading, if required.

Supply NINT cards (see Section 3.1}, one for each different initial element force pattern.
Omit if NINT = 0. Assign each different initial element force pattern a number, starting

with 1, up to maximum 30.
Colummns 1 - 5 : Pattern number.
6 - 15 : Initial axial force, F,.
16 - 25 : Initial shear force, Fy,.
26 - 35 : Initial moment, M,.
36 - 45 : Initial axial force, Fy,.
46 - 55 : Initial shear force, Fy,.

§6 - 65 : Initial moment, M;.

3.8 Element Generation Commands (815,514,2F5.0,15,F5.0)

For structures with similar elements, the program can automatically generate data for
repetitive elements. Provided all data for a sequence of elements are identical (except node
numbers), only two cards, one for the first and one for the last element in the sequence
(the “key elements”) need to be provided. In the printout of the element data, generated
elements are identified by an asterisk at the beginning of the printed line.

Assign a sequential number for all the elements in the same group, starting with 1, up
to NMEM (See Section 3.1). Supply one card for each key element in increasing numerical

order of the assigned element number.
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Columns 1- 5

8- 10

1i - 15
16-20 .
21 - 25

26 - 30
31~ 35
36 - 40
41 - 44

45 - 48
46 - 52 :
53-56
57 - 60 :

Element number. If KSYM is not equal to zero, input a negative
element number for the beam element, which is located at the Sym-
metrical axis. For example, input -2 , -4 and -6 for element No. @),
@ and @ in Figs. A.1.b) or A.l.c), respectively.

Node number at element end i.

Node number at element end j.

Node number increment for element generation.

Default = 1.

Concrete type number.

Steel type number.

Cross section type number.

End eccentricity type number. Leave blank or input zero if there is
no end eccentricity.

Geometric stiffness code.
1: include geometric stiffness.
0 : ignore geometric stiffness.

Time history output code. If a time history of element results is
not required for the element covered by this command, input zero
or leave blank. If a time history printout, at the intervals specified
in Section 6.1, is required, input 1.

Code for the outpﬁt of hysteretic curve. If hysteretic response in-
formation for this element is not required, input zero or leave blank.
If such information is required, input node number at element end
“” or “3”, of this element.

Fixed-end force pattern number for static dead loads on element.
Leave blank or input zero if there are no dead loads.

Fixed-end force pattern number for static live loads on element.
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61 - 65
66 - 70
71 - 78
76 - 80

Leave blank or input zero if there are no live loads.

Scale factor to be applied to fixed-end forces due to static dead

loads.
Scale factor to be applied to fixed-end forces due to static live loads.

Initial force pattern number. Leave blank or input zero if there are

no initial forces.

Scale factor to be applied to initial element forces.

4. Load Information

Static loads may be applied to the structure prior to the application of the dynamic

loading, but the response to static load must remain elastic. For a deterministic analysis,

ground acceleration data are to be input in the format described in Section 4.4.B. If

random earthquake data are to be generated, only the data described in Section 4.1 are to

be entered.

4.1 Load Control Data (215,1110,6F10.0)

Columns 1~ 5 ;

6-10
11 -20 :
21 - 30 :
31 - 40

Static load code (“KSTAT").

1 : Static loads are to be applied prior to dynamic loads.

0 : No static loads are to be inciuded in the analysis.

Number of commands specifying static loads applied directly at the
nodes {“NCDLD”). See Section 4.2.

Leave blank or input zero if there are no static loads.

Number of integration time steps to be considered in the dynamic
analysis (“NSTEPS”).

Integration time step, At (“DT”).

Scale factor to be applied to the ground X-accelerations

(“FACAXH").
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41 - BG
51 - 60 :
61 - 70
71-80 :

Scale factor to be applied to the time coordinates of the
X-acceleration record (“FACAMH”).

Scale factor to be applied to the ground Y-accelerations
(“FACAXV™).

Scale factor to be applied to the time coordinates of the
Y-acceleration record (“FACAMV”).

Absolute value of the maximum displacement response permitted
(“DISMAX"). The specification of such a displacement limit pre-
sumes that exceedance of this limit corresponds to failure, at which

point the execution is terminated. Default = 10°.

4.2 Commands for Static Nodal Loads (I5,3F10.0,215)

These commands allow the specification of a series of loads having the same static

nodal loads with the sign convention of Fig A.6. Omit if there are no static loads applied

directly at nodes, One command for each card.

Columns 1- § :

6-15 :
16 - 25
26 -35 :
36 - 40
41 - 45

First node number in series.

Load in X direction.

Load in Y direction.

Moment.

Last node number in series. Leave blank or zero for a single node.
Nede number difference between any two successive nodes in series.

Default = 1.

Note : A loaded node may appear in two or more commands if desired, for example,

if it is a part of two series. In such a case, the total load applied at the node

will be the sum of the load from the separate commands.

4.3 Data for Randomly Generated Earthquakes (215,3F5.2,2F10.4,F5.4,2F5.0)

Omit this card if KEARTH = 0 (See Section 1.2), i.e. for a deterministic analysis, and
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proceed to Section 4.4.

Columns 1 - 5 :

6-10 :
i1~ 15 ¢
i6 - 20 :
21 - 25

26 - 35 :
36 - 45

46 - 50
51 - 55
56 - 60

Number of artificial earthquakes to be generated (“NEAR”).
Code for envelope function type {See Fig 2.1).

1 : for trapezoidal envelope.

2 : for exponential envelope.

Initial peak time, ¢y, for the trapezoidal envelope function;
coefficient e, for the exponential envelope function.

Last peak time, t;, for the trapezoidal envelope function;
coefficient 3, for the exponential envelope function.

Strong motion duration, ¢s, for the trapezoidal envelope function,
but leave blank or input zerc for the exponential envelope function.
Intensity factor for the input spectrum, S,. For this program, the
one-sided Kanai-Tajimi spectrum is used, Fig. A.7.

Characteristic dominant frequency, wg.

Characteristic dominant damping ratio, 7.

Upper cut-off frequency, w,,.

Peak factor for the earthquake simulation, p,.

Note : For firm soil conditions, the following parameter values are recommended: for

1g peak acceleration data, S, = 0.6378(ft?/sec®); wy = 9n(rad/sec); 7, = 0.6;

wy = 300(rad/sec) for one-sided Kanai-Tajimi spectrum, and p, = 3.0. For C.1g

peak acceleration earthquake, only the §, value changes to 0.006378(ft?/sec®).

For further information see Ref. 13,

4.4 Deterministic Acceleration Records

Omit this set of data if KEARTH = 1, i.e. for randomly generated earthquakes.

4.4.A Control Information (415,10A4)

Columns 1- 5 :

Number of time-acceleration pairs defining ground motion in X di-
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rection (NPTH). Input zero or leave blank for no ground motion in
this direction.

6 - 10 : Number of time-acceleration pairs defining ground motion in Y di-
rection (NPTV). Input zero or leave blank for no ground motion in
this direction.

11 -15 : Code for echo printing accelerations as input. Leave blank or zero
for no output,
1 print.
0 : do not print.

16 - 20 : Code for echo printing accelerations as interpolated at intervals of

At.
1 : print.
0 : do not print.
21 -60 : Title to identify acceleration record.
4.4.B Ground Acceleration Time History in X-Direction (6(F6.3,F7.3))

Omit if NPTH = 0. Otherwise, enter 6 pairs of time and acceleration records per card.
The first time-acceleration pair has to be (0.0,0.0). Note that both the accelerations and
time coordinates may be scaled if desired. See Section 4.1.

4.4.C Ground Acceleration Time History in Y-Direction (6(F6.3,F7.3))

Omit if NPTV = 0. Otherwise, enter 6 pairs of time and acceleration records per card.
The first time-acceleration pair has to be (0.0,0.0). Note that both the accelerations and

time coordinates may be scaled if desired. See Section 4.1.

5. Analysis Information
5.1 Control Information for Eigenvalue Analysis(2I5)
Columns 1~ 5 : Code for natural frequencies.

1 : compute natural frequencies at specified time intervals.
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0 : do not compute natural frequencies.
6 - 10 : Time intervals, at which natural frequencies are to be computed,

expressed as a multiple of the time step, Af.

5.2 Control Information for Damage Indices {415)

Omit this card if KDAMAGE = 0 in Section 1.2. Otherwise, all nodal damage indices
as well as global and story damage indices may be obtained at selected time intervals. If
KDAMAGE = 1, all damage indices will be automatically computed at the end of the time
history analysis.

Columns 1- 5 : Code for time history of damage index.

1 : compute and print time history of damage indices.
0 : do not compute.
6 - 10 : Time interval for nodal damage indices to be computed, expressed
as a multiple of the time step, Af.
11 - 15 : Time interval for story damage indices to be computed, expressed
ag a multiple of the time step, At.
16 - 20 : Time interval for structural damage indices to be computed, ex-

pressed as a multiple of the time step, At.

5.3 Data for Automatic Design Procedure (5X,115,4F 10.5)
Omit this card if KAUTO = 0 in Section 1.2.
Columns 6 -~ 10 : Maximum number of automatic design iterations.
11 - 20 : Target mean value of beam damage indices.
21 - 30 : Tolerance by which the actual mean may deviate from the target
mean value.
31 - 40 : Maximum tolerable deviation of individual beam damage indices
from the actual mean value.

41 - 50 : Allowable damage index for beam-columns.
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8. Time History Qutput Specifications

Omit all the cards for this section if KEARTH = i, ie. for randomly generated

earthquake data. However, envelope values of all nodal displacements and element results

are automatically printed at the end of the computation for each randomly generated

earthquake, except if the specified maximum displacement has been exceeded.

Tor the deterministic earthquake data, i.e. KEARTH = 0, printed time histories of

selected nodal displacements and element results at selected time intervals may be obtained

if desired. Similarly,

envelope values of all nodal displacements and element results are

printed at the end of the computation if the specified maximum displacement was not

exceeded. Intermediate result envelopes are also printed at selected time intervals,

6.1 Control Information (615)

Columns 1- 5

6 - 10
11-15
16 - 20
21 -25 :

Time interval for printout of nodal displacement time histories, ex-
pressed as a multiple of a time step At. Leave blank for no printout,
The nodes for which time histories are required are specified in Sec-
tions 6.2, 6.3 and 6.4.

Time interval for printout of time histories of element results, ex-
pressed as a multiple of the time step Af. Leave blank for no
printout. The elements for which time histories are required are
specified in Section 3.8,

Time interval for intermediate printout of envelope values, ex-
pressed as a multiple of the time step At. Leave blank for no
intermediate printout. Envelope values are automatically printed
at the end of the response pericd.

Number of nodes (NHOUT) for which X displacement time histories
are reguired.

Number of nodes (NVOUT) for which Y displacement time histories
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are required.
26 - 30 : Number of nodes (NROUT) for which rotation time histories are

required.

6.2 List of Nodes for X-Displacement Time Histories (10I5)
As many cards as needed to specify NHOUT node numbers, with up to 10 nodes per
card. Omit if NHOUT = 0.

6.3 List of Nodes for Y-Displacement Time Historles (1015)
As many cards as needed to specify NVOUT node numbers, with up to 10 nodes per
card. Omit if NVOUT = 0.

6.4 List of Nodes for Rotation Time Histories (10I5)
As many cards as needed to specify NROUT node numbers, with up to 10 nodes per
card. Omit if NROUT = 0.

7. Termination

One card (A4) to terminate the complete data.

Columns 1- 4 : Print the word “STOP”.
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8. Installation and Execution

SARCF is written in Fortran-77 language for VAX/VMS computer systems. All the
calculations need to be performed in double precision. Otherwise, truncation errors would
cause excessive errors in the solution and numerical instabilities. This program has also
been installed with relatively little additional effort on SUN3 micro-computer systems. It
can be installed on most small or large computers as well,

The SARCF source consists of about 6000 statements, listed in Appendix B, and
is organized in a number of “base” subroutines. These subroutines read and print the
structure and loading data, assemble the structure stiffness and loading, compute the
displacement histories of the structure, eigenvalues, the statistics of damage indices and
perform automatic design modifications of a preliminary frame design. Tt is in particular
noted that SARCF calls some IMSL subroutines to generate random earthquakes (Ref. 7).
Because the IMSL library is proprietary, these subroutines are not listed in the Appendix

B. These subroutines are

FFTCC, GGUD and GGUBFS

and are called in lines 1022, 1052 and 1082 of the listing in Appendix B.

A typical procedure to execute SARCF on the VAX 780 under a VMS system or to

execute the program on the SUN3 micro-computer, is listed below:
For VAX 780 For SUN3

$ assign Datafile for$read % {77 -fipa -0 -0 sarcf.exe sarcf.f

$ assign Outputfile for$print % sarcf.exe <Datafile > Quiputfile

$ for sarcf
$ lin sarcf

$ run sarcf

Alter executing SARCF, the following output or scratch files will be generated on the
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for(302.dat
for(07.dat

forG08.dat :

forg09.dat :

for(12.dat

for013.dat :

for016.dat

for020.dat ;

for(33.dat

: scratch file for element information.

: scratch file for element information only if the automatic design is

required.

scratch file for time history of horizontal or vertical displacement if
required (see Section 6.2 and 6.3).

scratch file for time history of rotational displacement if required
(see Section 6.4).

scratch file for element stiffness information only if natural frequen-
cies are required.

scratch file for element lumped mass information only if natural

frequencies are required.

: output file of the hysteretic curve information only for the element

required (see Section 3.8).
output file of time history of damage indices if damage analysis is

required.

: output file of mean value of all the element damage indices only if

random earthquake analysis is required.
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Fig. A.1 — Node and Beam Element Numbering Sequence
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Fig. A.5 — Fnd Eccentricities of Frame Element

Fig. A.6 ~ Fixed End Forces and Initial Forces Pattern
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Appendix — B

(Fortran Source Listing of Program SARCF)

Please contact NCEER for the magnetic tape of program source file.






Filer sarcf.f Printed Thu Hov 10 12:40:42 1988 Login: chung Page: 1
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* SEISMIC ANALYSIS MAT
® OF HMATN
* REINFORCED CONCRETE FRAMES MA&TH
* { SARCF ) MAIN
* MATH
* YOUNG SO0 CHUNG, PH.D. MAIHN
" RESEARCH ASSOCIATE MAIHN
* HAIN
* MAIN
* DEPARYMENT OF CIVIL ENGINEERING AND OPERATIONS RESEARCH HMAIN
* PRINCETON URIVERSITY MAIN
* HAIH
* DATED ON NOVEMBER 1, 7988 MAIN
w HMATH
* MAEM

VORRR R R AR R R R R A R AR AT R R R A A R R e R R R R R R R T R R R R R R R A MAEN

R L L e T R L L T T g g MA[%
IMPLICIY REAL*8(A-H,0-2) MAIM
MATH
SET STORAGE CAPACITY AND CALL DRAIN MATH
MA LN
COMMON A(50000) MATH
KHTST=5000 MATH
MATH
CALL SARCF(A,NNTST) MATH
MATH
STOP MAIH
END MAIN
**w***www*w*w*ﬁ******ﬁ**w*w*****w**w*******w**w***wwwww*www*ww*w**MAIR
SUBROUTINE SARCF (A, NNTST) SARCF
IMPLICIT REAL*B(A-H,0-2) SARCF
SARCF
COMMON/CONTR/ MELGR,NEG,MBAND , NPTH, HPTV,NSTO, JCOL , HSTORY, NBAY SARCF
COMMON/GERTNF /KCONT (10) , KELEM(19) , MELEM( 103, RINF (10, NDOF(10) SARCF
1 LFCONT(3), NUMEMC10) SARCF
COMMON/DAMP/ ALPHA,BETA,DT,GAXCTE,CONT,CONZ, COK3, CONG , CONS, SARCF
1 £1,02,63,C4,C5,06,07,C8,09,090,C11,C12,BETAD,DELTA  SARCF
COMMON/PASS/ IGR, ISTEP,NSTEPS,KVARY,NBLOK,KSTAT,KDDS, KM, IEAR, NEAR , SARCF
1 KSYM, KSYMD SARCF
COMMON/STOR/ NAVST,NF1,NF2,RF3,hiF4, HTST,KODST,KDATA, NF17 SARCF
COMMON/OUTN/ 1PJ, IPE,KNTJ, KNTE, REOUT , NVOUT , NROUT SARCF
COMMON /WORK/HED 1( 18) ,KFORMI(2), TITLET(10) , WI1(1571) SARCE
COMMON/WORK 1/ HED(18),KFORM¢2), TITLEC10) SARCE
COMMOM/THIST/ITHOUT (10}, THOUT{20), ITHP, ISAVE, NELTH,NSTH,NF?,1SE  SARCF
COMMOR/THFEL/ IMEM, IMEMD,KST,KSTD,LMCT),LMDC1 3, DUM(212) SARCF
COMMOR/THISTJ/ITHP, NFS, NSTHJ, 164 SARCF
COMMON/THISTR/ I THPR, HF 6, NSTHR, KHR, VR, LRH1{503, LRH2(50%,LRV1{50), SARCF
1 LRVZ(50) SARCF
COMMON/EQUAKE /DSEED, PGA, WG, TAU, UWG, PG, 1EVL , KIEVL,ENA,ENB,ENC SARCF ¢
COMMON /DAMAGE /KDAMAGE , I TDAM, KIDAMT  NNSKIP,NSSKIP, NGSKIP,GLHYS, SARCF
1GLDAM SARCF
COMMON /AUTO/KAUTO, KAUTOD , KECO, KECOD , NDSGN , NDSGND , KFREQ, XFREQD, SARCF
1 DBALL,BCALL,DBSTD,CONC,SYEEL, IECO, BMAVG, BMDEY, ICORY SARCF
SARCF
PARAMETER (NOKE=20,NELN=40,NELG=2} SARCF
DIMENSION NIBAY(MELN/3),STIN(S, NELN),CONIN(D, NELN),SECIN(D, HELN), SARCF
ITY(3,HELN), YBM(Z NELG,NELN)  RHOM(2 HELG, NELN) ,DDINC2,NELN), SARCF
2DMY (2, NELN) ,DEAVG(NELN) ,DEAVG(NELN) ,DEDIF(NELN) ,PDEDIF(HELNY, SARCF
STECHIKCHELN)  TCORCNELM), TTCHK(NELN)Y ,DDT(NGKE) ,DD2(NQKE) ,DACKELK), SARCF
GNOD{2¥HELN)  DDAM(NQKE , 2*NELN) , STHYS(NELG, NELK/3), SARCF :
SSTDAM(NELG,MELN/Z)  STRDAM(MELN/3}, STRHYS(NELN/3) ,ELDAMCNELG, NELN) , SARCF
GELHYS(NELG,NELNY, IR(HOKE ), S(2*NELK) , IP(S¥RELN) ,KIP(S*KELN), SARCF
TPR{S*NELNY,PPR(2,5*NELN) SARCF :
SARCF
DIMENSTON A(1) SARCF
DIMENSION CHEK(2),HDAT(3,3),45TF(2,2),5L0D(2,2) SARCF
DATA CHEK/SHSTART,SHSTOP / SARCF
DATA HDAT/BHEXECUTE ,8% . 8H . SARCF
1 BHDATA CHE,BHCKING ON,BHLY " SARCE
2 BHEXECUTE ,8HIF SINGL,BHE BLOCK / SARCF
DATA HSTF/BHSTORED 1,8HN CORE SARCF
1 BHSYORED O,8HN TAPE / SARCF
DATA SLOD/BHLOADS AP,BHPLIED SARCF
1 SHLOADS 1G,8HNORED  / SARCF
SARCF
START AND TITLE CARD SARECF
SARCF

20 FORMAT (A5,3X,184) A1 SARCF

OO DD N O W



Fite: sarcf.f Printed Thu Mov 10 12:40:42 1988 Login: chung Page: 2

81
&2
83
B4
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
02
103
104
1035
106
ic7
108
109
110
11
112
113
114
1156
116
117
118
119
j20
121
i22
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

(9]

OO

HY

30
25

40

43

42
41

50

11

READ 20, OPER,HED

IF (OPER.EG.CHEK(2)) CALL EXIT

IF (OPER.NE.CHEK{1}) GO TO %0

PRINT 30, HED

FORMAT (SHIERDARCS ,S59X,4HT1986//720H* /71X, 1BAL/ITRCIHEY)
READ 25, KEARTH,XDAMAGE ,KAUTO,KDATA

FORMAT (415)

HFi=9
HF2=2
HF3=3
NFé=b
HF5=8
HF6=9
NF7=10
WFI7=7
REWIND WF17
REWIND NF1
REWIND HWFZ2
REWIND HF3

CONTROL CARD

READ 40, NSTORY,MBAY, NJTS, HCONT,HCDJIT, NCDDOF,NCDDIS, NCDMS, NELGR,

TKDOST , KSYM, NTST

FORMAT (1115,110}

IF(HELGR .LE. KELG) GD TO 42
PRIKT 43, NELGR

FORMAT{’ INCREASE THE PARAMETER, HWELG, FOR MUMBER OF ELEMENY GROUP

1, 1.E. INPUT NELG >= ',13)

GO 10 999

IF(NBAY .EQ. ©) READ 41, (NIBAY(I),I=1,HSTORY)
FORKAT (1615)

IF (NTST.EQ.0) WTST=NWEST
I=1

IF (KDATA.GY.0) I=2

IF (KBATA.LT.0) =3

=1

IF (KODST.NE.Q) J=2

SARCF 50
SARCF 51
SARCF 52
SARCF 53
SARCF 54
SARCF 55
SARCF 56
SARCF 57
SARCF 58
SARCF 59
SARCF 60
SARCF &1
SARCF 62
SARCF &3
SARCF 64
“ARCF 65
SARCF &6
SARCF &7
SARCF 68
SARCF 69
SARCF 70
BARCF 71
SARCF 72
SARCF 73
SARCF 74
SARCF 75
SARCF 76
SARCF 77
SARCF 78
SARCF 79
SARCF 80
SARCF 8%
SARCF 82
SARCF 83
SARCF 84
SARCF B85
SARCF 86
SARCF &7
SARCF &8
SARCF 8%

PRINT 50, NJTS,HMCONJT,NCDJT,NCODOF,MCODIS, NCOMS, NELGR, KDATA, (HDAT{SARCF 90

5K, 1),K=1,3),KODST, (HSTF(K, 4}, K=1,2) ,NTST

FORMAT ¢////

T 41H TOTAL NUMBER OF WODES =154/
2 4TH NO. OF CONTROL NODES =15/
3 471H NC. OF NODE GENERATION COMMANDS =154/
4 41H NO. OF ZERD DISPLACEMENT COMMANDS =15/

5 41H NC. OF IDENTICAL DISPLACEMENT COMMANDS =15//

6 41H NO, OF MASS GENERATION COMMANDS =157/

7 &1H NG. OF ELEMENT GROUPS =15/4/

8 41H DATA CHECKING CODE =15,6%,3A8/

9 4TH STRUCTURE STIFFHESS STORAGE CODE =15,6%,2A8///
9 41H BLANK COMMON TO BE ASSUMED =116}

KID=1

KX=KID+3*NJTS

KY=IO(PRITS

NODE COORDIMNATES, ETC
CALL IHETS (ACKX),ACKY),A(KIDY,NJTS,NCONJT,NCDJT, NCDDOF, NCDDIS)
MASS DATA

KFH=KY+HJTS
KEQM=KFM+NEG+1
KD=KEQM+NEG+1]
KDDS=KD+NEG+]
KM=KDDS+NEQ+1
KEQK=KD+NEQ

DO 72 I=KDDS,KM-1
AC1)=0.0

CALL INMASS (A(KFM),A(KEGM),A(KID),NCOMS, NJTS)
DATA FOR DAMPING COEFFICIEKTS
READ 11,ALPHA,BETA,BETAD,DELTA

FORMAT (4E10.0)
PRINT 21, ALPHA,BETA,BETAQ,DELTA

SARCF 91
SARCF 92
SARCF 93
SARCF %4
SARCF 95
SARCF 96
SARCF 97
SARCF 98
SARCF 99
SARCFI0C
SARCF101
SARCF1GZ
SARCF103
SARCF104
SARCF105
SARCF 106
SARCF107
SARCF108
SARCF 109
SARCF110
SARCF111
SARCF112
SARCF113
SARCF114
SARCF115
SARCF11é
SARCF117
SARCF118
SARCF 119
SARCF120
SARCF121
SARCFi22
SARCF123
SARCF124
SARCF125
SARCF126
SARCF127
SARCF128
SARCF129



Fite: sarcf.f Printed Thu Nov 10 12:40:42 1988 Login: chung Page: 3

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
186
181
182
183
184
185
186
187
188
189
190
191
192
193
194
165
196
197
198
199
206G
201
262
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

21 FORMAT( 2THIDAMPING COEFFICIENTS //// SARCE1Z0

1 5%, 39HMASE PROPORTION, ALPHA =F12.6// SARGETS

2 5K, 3OHTAMGENT STIFFMNESS PROPORTION, BETA =F12.6// SARCE 132

3 5¥,3PHORIGINAL STIFFMESS PROPORTION, BETA-O =F12.6// SARCE 133

4 5X, 3OHSTRUCTURAL DAMPING, DELTA =F12.6) SARCE 134

C SARCFI13E
c ELEMENT DATA SARCF 136
c SARCF13Y
CALL INELEM (ACKID),ACKX),ACKYY, ACKH), NJTS MELTOT,ITY,STIH,CONIN, SARCE138
1SECIHN,DDIN, RHOM, YEM, RELG,NELH, IP,KIP,PR,PPR DMY) SARCF 139

C SARCF1A0
c LOAD CONTROL DATA SARCF 14
C SARCY 147
READ &1, KSTAT,NCDLO,NSTEPS,DT,FACAXH, FACTHH, FACAXY, FACTMV ,DISMAX SARCF143

&1 FORMAT (215,1110,46F1C.0) SARCE 144
KSTAT=0 SARCF145

IF (FACTMV.EQ.D.) FACTHMYV=1. SARCF 146

If (DISMAX.EQ.D.) DISMAX=100000. SARCF 147

o SARCF 148
c COEFFICIENTS FOR EGUATION OF MOTION SARCF 149
C SARCE150
CALL CONSTANWT SARCF151

C SARCE1R2
c STATIC NODAL LOADS SARCF153
C SARCF154
CALL INEXLD CA{XDDS), ACKID)Y,NCDLD, NJTS, A{KEQM)} SARCE 155

£ SARCF156
¢ INPUT INFORMATION FOR EARTHQUAKE SARCFIST
€ SARCF158
IF(KEARTH.EQ.1) 60 TO &4 SARCF159

¢ SARCF160
c INPUT INFORMATION FOR DETERMINISTIC EARTHQUAKE SARECF181
c SARCF162
J=1 SARGF 163
TF{KSTAT.EQ.O) =2 SARCF164

PRINT 71, KSTAT,(SLOD(K,d),K=1,2),NCDLD,NSTEPS,DT ,FACAXH, FACTMH, FASARCF 165
1CAXY, FACTHY, DISMAX SARCF166

71 FORMAT (32K STATIC LOAD CONTROL EMFORMATION /// SARCF167

1 294 STATIC LOAD CODE =15, 1%, 288/ / SARCF 168

2 298 KO. OF NODAL LOAD COMMANDS =15////7// SARCF169

1 Z1HIEARTHQUAKE CONTROL IHFORMATION /// SARCF170

1 328 DETERMINISTIC EARTHQUAKE / SARCF171

2 324 NO. OF IWTEGRATION TIME STEPS =15/ SARCF172

3 32H INTEGRATION STEP SIZE =F9.4/17 SARCFIT73

4 404 MAGNIFICATION FACTORS FOR X EARTHOUAKE / SARCE 174

5 18X, 14HACCELERATION =, F9.2, / SARCF175

& 18X, TLHTIME =, 9.2, // SARCF176

7 40H MAGMIFICATION FACTORS FOR Y EARTHOQUAKE / SARCF177

8 18X, T4HACCELERATION =, F9.2, / SARCF178

9 18X, T4HTIME =, 9.2, /// SARCF179

g Z2H MAX. PERMISSIBLE DISPLACEMENT =F10.2) SARCF180

GO TO 125 SARCF18T

C SARCF182
C INPUT TNFORMATION FOR ARTIFICIAL FARTHQUAKE SARLF183
c SARCF 184
64 READ 126, NEAR,IEVL,EMA,ENB,ENC,PGA,WG, TAU,UWG,PG SARLF 185
126 FORMAT(215,3F5.2,2F10.4,F5.4,2F5.0) SARCF186

C SARCF 187
J=1 SARLF188
IF(KSTAT.EQ.0}4=2 SARCF 189

PRINT 73, KSTAT,(SLOD(K,J),K=1,2),NCDLD, NEAR,NSTEPS,DT, FACAXH, FACTSARCF190

THH , FACAXY , FACTHMY, D] SMAX SARCF191

73 FORMAT (32H STATIC LOAD CONTROL INFORMATION /// SARCF192

1 298 STATIC LGAD CODE =15,1X,2A8// SARCF193

2 29H NO. OF WODAL LOAD COMMARDS =15/////// SARCF194

1 ZTHIEARTHQUAKE CONTROL INFORMATION/// SARCF195

1 32H NO. OF INPUT EARTHOUAKE =15/ SARCF 196

2 320 HO. OF INTEGRATION TIME STEPS =15/ SARCF197

3 32H INTEGRATION STEP SIZE =F9.4/7/ SARCF198

4 408 MAGNIFICATION FACTORS FOR X EARTHQUAKE / SARCF199

5 18X, T4HACCELERATION =, F9.2, / SARCF200

& 18X, T4HTIME =, F9.2, // SARCFZ01

7 408 MAGKIFICATION FACTORS FOR Y EARTHQUAKE / SARCEZO2

8 18X, 14HACCELERATION =, F9.2, / SARCF203

9 18X, 14HTIME =, F9.2 , /// SARCF204

@ 328 MAX. PERMISSIBLE DISPLACEMENWT =F10.2) SARCFZ05

C SARCF206
IF(NEAR .1E. NGKE) GO TO 122 SARCFR207

PRINT 123, MEAR SARCF208

123 FORMAY(/INCREASE THE PARAMETER, HOKE, FOR BUMBER OF RANDOM EARTHQUSARCEZ09

B-3
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a4t
242
2463
obb
245
246
24T
248
249
250
254
252
253
&54
£55
£56
asv
258
259
260
261
262
263
268
265
266
267
268
269
£70
271
272
273
274
275
276
277
278
ere
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
303
306
307
308
309
310
31t
332
313
314
315
316
317
318
319
320

[ ]

TAKE, T.E. IHPUY MOKE »=/ 15}
GO TO 95¢

122 TF(IEYL .E@. 1} PRINT 127, PGA,WG,TAU,LMG,PG,ENA,ENS,ENC

127 FORMAT(SSHARTIFICIAL EARTHOUAKE INFORMATIONS ///

1 GIHKANAT-TASIM} SPECTRAL DENSITY FUNCTION WiTH//

2 SY,PSHINTENSIYTY FOR SPECTRUM =FB.4,f (FT¥%2/SC¥¥3)7//
3 5, EEHDOMINANTY FREGUENCY =FB.4&,¢ {RAD/SECOND ) //
& SH,PSHOCMINANT GAMAPING RATIO =B 4, //

5 5Y, 25HUPPER CUY-OFF FREQUENCY =F10.2,7 <{(RAD/SECONDY'//
&  5%,25HPEAK FACTOR =£10.2,//

7 ISHYRAPEZOYDAL EWVELOPE FUNCTION WITH ///

8 SX,25HIMITIAL PEAZ TIME =£B.4, 1 (FT*%2/SCR"T)r /)
¢ 5X%,25HLAST PEAK TIME =F8.4,//

4

5H, 25HSTRONG MOTION DURATION =FB.4,///)

IF(IEVL .EQ. 2) PRINT 12B, PGA,WG,TAU,UWG,PG,ENA, ENB

128 FORMAT(3SHARTIFICIAL EARTHQUAKE INFORMATIONS ///

t LEHKANAT-TAJIME SPECTRAL DENSETY FUNCTION WITH//
2 S5X,Z25HINTENSITY FOR SPECTRUM =F8.4,7 (FT**2/5C%*3)1//
3 5X, 25HDOMINANT FREQUENCY =FB.4,7 {(RAD/SECOND)Y'//
4 5X,25HDOMINANT DAMAPING RAYIO =FB.4,//
5 5K, 25HUPPER CUT-OFF FREQUENCY =F10.2,7 (RAD/SECOMD}'//
6 5¥, 25HPEAX FACTOR =F{0.2,//
7 BSHEXPOMENTIAL ENVELOPE FUNCTION WITH ///
8 5X,25HCOEFFICIENT FOR ALPHAE  =FB.4,7 (FY*%2/8C*¥337//
@ 5X,25HCOEFFICIENTY FOR BETA =FB.&, ///}

IDSGH=0

ICONV=0

Do 92 1=1,20

ICORCI)=C

92 1ECHK(I)=0

ITF(KEARTH EG. B} GO TO 125
CALL RANINT{NEAR,IR)
91 [EAR=IEAR+T
IF(NEAR .GE. 1) DSEED=DFLOAT(IR(IEAR}}

EARTHQAUAKE RECORDS

IF(IEAR .GE. 2 .DR. IDSGN .GE. 1) GO TO 81
125 READ $0, KPTH,HPTV,KFORM,TITLE
90 FORMAT (415,10A4)

TF(XEARTH .EG. 1) GO TO 63

PRINT 100, TITLE,NPTH,NPTV,KFORM
100 FORMAT (/////%2H1EARTHQUAKE ACCELERATION RECORDS,3H - ,10R4,///
1 30H NO. OF X TNPUT PAIRS =, 15, /
2 30H NO. OF Y INPUT PAIRS =, 15, /i
3 12H PRINT CODES  //
4 30H ACCELERATIONS AS INPUT =, 15, /
5 3GH IKTERPOLATED ACCELERATIONS =, 15)
GO TG 8%

63 PRINT 101, YITLE,IEAR,NPTH, NPTV, KFORH

101 FORMAT {/////32HIEARTHQUAKE ACCELERATION RECORDS,3H - ,10A4,3HNO.,
11547/
1 30H NO. OF X INPUT PAIRS =, 15, /
2 30K HO. OF Y INPUY PAIRS =, 15, ///
3 120 PRINT CODES  //
4 30K ACCELERATIONS AS INPUT =, IS, /
5 30H INTERPOLATED ACCELERATIONS =, I5)

81 DO B0 I=KD,NEQK
80 A(13=0.0

IFCIEAR .GE. 2) PRINT 103,T1TLE,IEAR

103 FORMAT (/////3201EARTHRUAKE ACCELERATION RECORDS,3H -

115)

KTH=KM+NEQ+1
KGH=KTH+XPTH
KTY=KGH+NPTH
KGV=KTV+NPTY
KAXH=KGY+KRPTY
KARNV=KAXH+NSTEPS

DO 104 1=KTH,KAXVHNSTEPS-1
104 ACI)=0.0

L1084 3HND. ,

SARCF210
SARCEFZT
SARCEZTZ
GARCF213
SARCFZ14
BARCFZTE
SARCEZTE
SARCEZTT
SARCFZ18
CARCFZTY
SARCF2Z0
SARCFZ21
SARCFZZZ2
SARCFZ23E
SARCFZZ24
SARCFZ2S
SARCFZ2éE
SARCFEZY
SARLFZ28
SARLER229
SARCFZ30
SARUFZ31
SARCFZ232
SARCFZ33
SARCF 34
SARCFZES
SARCF236
SARCFEZ3Y
SARCFZ38
SARCFZ3Y
SARCFZAC
SARCFE4LT
SARCF 242
SARCFZ43
SARCF 44
SARCF245
SARCFZLE
SARCF247
SARCFZ48
SARCFZ249
SARCF 50
SARCFZET
SARCF252
SARCFZH3
SARCFZS4
SARCFZ5Y
SARCFZEG
SARCFELT
SARCFZ58
SARCF259
SARCFZ60
SARCFZ61
SARCFZEZ
SARCFZ263
SARCFZ64
SARCFEZBS
SARCFZ66
SARCFZ6Y
SARCFZ6E
SARCEZHD
SARCEZT0
SARCF2TY
SARCEZYZ
SARCFZYS
SARCEZ74
SARCFZTS
SARCFZ76
SARCF2T7
SARCFZ78
SARCF27Q
SARCFZB0
SARCFZ&1
SARCFZ8Z
SARCFZ8S
SARCFZGA
SARCF285
SARCF286
SARCF287
SARCFZ288

CALL INAXL (KFORM,ACKTH)Y,ACKGH) ,ACKTV) , ACKGY) A(KAXH) , ACKAXY} ,NSTESARCF289

B-4
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PS5, DT, FACANH, FACTMH, FACANY, FACTHV  KEARTH, [EAR)

C
C AHALYSIS INFORMATION DATA
c
IF{IEAR.GE.2 .OR. IDSGH.GE.T) GO TO 121
C
C ANALYSIS FOR FUWDAMENTAL NATURAL FREQUENCY
C

READ 105, KFREQ,IFREG
105 FORMAT(2I5)
IF(KFREQ .NE. 1) PRINT 106, KFREQ

106 FORMAT(4ZHANALYSIS FOR FUNDAMENTAL NATURAL FREQUENCY///

1 5%, 353HCODE FOR AMALYSIS =,15,/
2 20X, ¥ DO KOT COMPUTE NATURAL FREQUENCY /,///)
IF(KFREQ .EQ. 1) PRINT 107, KFREQ,IFREQ

107 FORMAT(42HANALYSTS FOR FUNDAMEMTAL MATURAL FREQUEKCY///

1 5X,35HCODE FOE AKALYSIS = 15,/
2 20X, "% COMPUTE RATURAL FREQUENGY ¢,///
3 10X,35HINTERVAL FOR NATURAL FREGUENCY = _I5,/)

ANALYSIS FOR DAMAGE INDEX

[ o B o

IF(KDAMAGE _EQ. 1) READ 129, ITDAM, NSSKIP,KNSKIP, NGSKIP

129 FORMAT(4IS)
IFCKDAMAGE (NE. 1) PRINT 136, KDAMAGE
136 FORMAT(Z2HIDAMAGE TNDEX ANALYSIS////

S

S
o

1 5X,42HCOLE FOR THE DAMAGE INDEX =15
2 20X, 7 *** KOT PERFORM THE DAMAGE ANALYSIS **¥/)
IF(KDAMAGE .GE. 1) PRINT 137, KDAMAGE, ITDAM,NSSKIP NNSKIP, NGSKIP
137 FORMAT(ZZ2H1DAMAGE INDEX ANALYSIS////

1 5X,4ZHCODE FOR THE DAMAGE INDEX =,15

2 5K, 42HCODE FOR TIME HISTORIES OF DAMAGE INDEX =,15

3 10X, 3THINTERVAL FOR WODE DAMAGE INDEX =,15,/

4 10X, 37HINTERVAL FOR STORY DAMAGE INDEX = 15,/

5 10X, 3THIKTERVAL FOR GLOBAL DAMAGE INDEX = 15///)

c AMALYSTS FOR AUTOMATIC DESIGN PROCEDURE

[F(KAUTO _EQ. 1) READ 131, KECO,KDSGM,BMAVG,BMDEV,DEALL,DCALL

131 FORMATY(215,4F10.5)
IF{KAUTO .HE. 1) PRIKT 132, KAUTO
132 FORMAT(3SHAUTOMATIC DESIGN AMALYSIS fr/

1 5X,37HCODE FOR AUTOMATIC DESIGN ANALYSIS =,15,/

2 20X, %% WOT PERFORM THE AUTOMTIC DESIGN ANALYSIS',///)

IFEKAUTO LEQ. 1) PRINT 133, KAUTO,HDSGH,DBALL,DCALL
133 FORMAT(3SHAUTOMATIC DESIGN ANALYSIS i

1 5%,37HCODE FOR AUTOMATIC DESIGN ANALYSIS =15,/

2 20X, *%% DO THE AUTOMTIC DESIGN ANALYSIS/,///
35X, 49HMAXTHUM ITERATION NUWMBER OF AUTOMATIC DESIGH
45K, 49HALLOWABLE MEAN VALUE OF BEAM DAMAGE ITNDEX
45X, 49HALLOWABLE DEV FROM BEAM MEAN VALUE

45X, 49HTOLERABLE DEV OF INDIVIDUAL BEAM DAMAGE INDEX
454 49HALLOWABLE DAMAGE IWDICES FOR COLUMN

C OUTPUT CONTROL DAYA

IFCKEARTH.EQ.Q) READ 110, IPJ,IPE, IENV, NHOUT  HVOUT NROUT ,NHR,HVR,

11THPJ, ITHPR, ITHP, IS4, [SE

110 FORMAT (1315}

12 IF(1PJ .LE. 0) IP4=0
IFCIPE .LE. D) IPE=D
TF(IDSGN.EQ.0 _AND. [EAR.EQ.1Y

SARCFZG0
SARCF291
SARCFZ92
SAREF 293
SARCF 294
SARCF 295
SARCFZ96
SARCF297
SARCF LG8
SARCFZ299
SARCF3ID
SARCF301
SARCF302
SARCF303
SARCF304
SARCF305
SARCT 306
SARCF 307
SARCF308
SARCF309
SARCF210
SARCF311Y
SARCFS12
SARCFI13
SARCF314
SARCF315
GARCFR16
SARCF317
SARCF318
SARCF319
SARCF320
SARCF321
SARCF3ZZ
SARCF323
SARCF324
SARCF325
SARCF326
SARCF327
SARCFIR8
SARCF329
SARCF330
SARCF331%
SARCF332
SARCF333
SARCF334
SARCF335
SARCF336
SARCF337
SARCF338
SARCF339
SARCF3460
SARCF341

/YSARCFZ42

SARCF343
SARCF344
SARCFS45
SARCF346
SARCF347
SARCF348
SARLCF349
SARCF350
SARCF351

TPRINT 120, IRJ,TPE, IENY HHOUT,NVOUT, MROUT KHR NVR,ITHPJ, ITHPR, I THPSARCF352

2,180, 1SE
120 FORMAT {30H1TIME HISTORY OUTPUT INTERVALS //
5X,21H NODE DISPLACEMENTS =, I5, /
5%,210 ELEMENT RESULTS =, IS, ///

40H CODE FOR JOINT TIME HISTORY PRINT =
40H CODE FOR REL DISPL TIME HISTORY PRINT
40H CODE FOR ELEMENT TIME HISTORY PRINT

oo

OO OO RNV W -

NSTH=0
B-5

7

15,/

15,/

£

15777

4BH CODE FOR SAVING DISPL TIME HISTORIES ON TAPE
4BH CODE FOR SAVING ELEMENT TIME HISTORIES OM TAPE=,I%)

40H QUTPUT INTERVAL FOR RESULTS ERVELOPES =,15/////
35K NO. OF WODES FOR X DISPL HISTORY =, 15,/
35H NO. OF WCDES FOR Y DISPL HISTORY =, I5,/
33H KO. OF WODES FOR ROTATION HISTORY=, I5,///
46H NO. OF PRS OF NODES FOR REL X DISPL HISTORY

=15,/
46H KO, OF PRS OF NODES FOR REL Y DISPL WISTCRY =,15,///

=, 15,/

SARCF353
SARCF354
SARCF355
SARCF356
SARCF357
SARCF358
SARCF359
SARCF360
SARCF361
SARCF362
SARCF363
SARCF 364
SARCF365
SARCF364
SARCF367
SARCF368
SARCF3469
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401
402
403
404
405
406
407
408
409
410
4114
412
413
414
415
416
417
418
419
420
421
472
423
b2k,
425
46
427
428
49
430
431
432
433
436
435
436
437
438
439
440
441
442
443
A
445
4hé
447
448
L4
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
476
471
472
473
474
475
476
477
478
479
480

HETHR=0
NELTH=0
NSTHU=D
IF (ITHPJ.GT.0) REWIND HF5
If (ITHPR.GT.0) REWIND HF6
IF (ITHP.GT.0) REWIND MFé4

c

KJH=KAXVHHSTEPS

KJ¥=KSH+-HHOUT

KJR=KJV+NVOUT

IF (IPJ.EQ.0) IPJ=-1

EF (IPE.EQ.OY IPE=-1
€

IFCKEARTH.EQ.O0) CALL OUTJT (ACKJH) ACKJIV) ACKIR),ALKID},RITS)
C

IF (¥HR.EQ.0) GO TO 150

READ 130, (LRHT{I},LRH2(I), I=1,NHR)
130 FORMAT (1015}

PRINT 140, (LRHT(I},LRH2(1}),1=1,HHR)

SARCF370
SARCF3T
SARCF37¢
SARCF373
SARCF3T74
SARCF3TS
SARCF3TE
SARCFETT
SARCF378
SARCF3T9
SARECF380
SARLCE381
SARCF382
SARCF 385
SARCF384
SARCFE8E
SARCF386
SARCF3IEY
SARCEEGE

140 FORMAT €////39H PAIRS OF NODES FOR REL X DISPL HISTORY//10(3X, 14, ISARCF389

14,10, 3

150 IF ¢NVR.EQ.0) GO TO 170
READ 130, (LRV1{1),LRV2(1)Y, =1, HVR)
PRINT 160, (LRVI{I),LRVZ(1Y,!=1,NVR)

SARCF390
SARCFIM
SARCF3G2
SARCF393

160 FORMAT (////39H PAIRS OF NODES FOR REL Y DISPL HISTORY//10(3X, 14, ISARCESO4

ILP L ID)
170 COMTINUE

SARCF395
SARCF396

TF(IEAR.GE.2 .OR. IDSGN,.GE.1) CALL REINY({IEAR,IDSGN,NELG,NELN, [CORSARCF3OT

1,DEDIF,PDEDIF, [ICHK, DA, SECIN, STIN, CONIN, YBM, RHOM,DDIN, ITY ,DHY)
IFCIEAR.GE.2 .OR. IDSGN.GE.1} GO 1O 179

IFCHELTOT LLE. MELH) GO TO 171
PRINT 173, NELTOT

SARCF398
SARCF399
SARCF400
SARCFAO
SARCF&LOZ

173 FORMAT(’ INCREASE THE PARAMETER, NELN, FOR TOTAL KUMBER OF ELEMENTSSARCF403

1, I.E. INPUT WELM >=f,15)
GO TO 999
C
C COMPACT STORAGE
C
171 J=KJR+NROUT - KAXH
KM =KM+NEQ
KAXHH=KAXH -1
D0 190 1=1,4
190 ALKMM+] )=ACKAXHH+T)
J=KAXHH - KMM
KAXH=KAXH - J
KAXV=KAXY- J
KJH=KJH~J
KJV=KJV-J
KIR=KJR-J

C ARRAY ADDRESSES FOR REMAINING COMPUTATION

KA={(IR+NROUT
KAA=KA+ISTO

IF (KODSY.HE.G) KAA=KA
KD IS=KAA+NSTO
KVEL=KD[S+NEQ+1
KACC=KVEL+NEQ+1
KENP=KACC+NEQ+1
KENN=KERP+HEQ+1
KTP=KENN+HEQ+T
KTH=KTP+NEQ+1
KIAD=KTN+NERQ+1
KBL=ICEAD+HELTOT+1

HAVST=NTST-KBL+1
LSOFAR=KBL -1

C INITIALEZE
DO 200 I=KA K1AD
200 A(I)=0.
KHT =0
KNTE=0
C CCHNSCLIDATE ELEMENT DATA
CALL CONSOL (A(KIAD),A(KBL),LSOFAR}

B-6

SARCF&404
SARCF405
SARLF406
SARCFAOT
SARCF408
SARCFAQ9
SARCF410
SARCF411
SARCF412
SARCF413
SARCF414
SARCF415
SARCF41i6
SARCF417
SARCF418
SARCF419
SARCF420
SARCF421%
SARCF4Z22
SARCF423
SARCFaZ4
SARCF425
SARCF426
SARCF4ZT
SARCFAZ8
SARCF4Z29
SARCF430
SARCF431
SARCF432
SARCF433
SARCF434
SARCF435
SARCF436
SARCF&43Y
SARCF438
SARCF439
SARCF440
SARCF&41
SARCF442
SARCI&43
SARCF444
SARCF44D
SARCF446
SARCF44T
SARCF&4LE
SARCF449
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481 TF (KDATA.GT.D.AND. TEAR.LT.KEAR) GO TO $H SARCF450
482 IF (KDATA,GT.0.AND. JEAR.EQ.KEAR) GO TO 10 SARCFAST
483 IF (KDATA.GE.C.OR.NBLOK.EQ. ) GO TD 220 SARCEGB?
484 PRINT 210 SARCF453
485 210 FORMAT (///42H WORE THAN OME BLOCK, EXECUTION SUPPRESSED) SARCFAS4
486 GO T0 10 SRRCFASS
487 c SARCE4SE
488 c EXECUTE SARCE4EY
489 ¢ SARCELSE
490 220 PRINT 230 SARCE45O
491 230 FORMAT (1H1,200,2001H*Y,5X, 7HRESULTS,5X, 20¢TH*)/////1) SARCFAG0
492 c SARCF461
593 c COMPUTE STATIC STIFFNESS SARCF4ET
494 C SARCF44Y
495 ISTEP=0 SARCF464
496 KVARY=100000000 SARCF465
497 CALL STIFF (ACKBLY,ACKRAY,ACKD), ACKIADY, ACKFMY, ACKVEL Y, ACKH), ACKBLEARCF466
498 1) SARCF4E7
w99 ¢ SARCF4S8
500 c COMPUTE MATURAL FREQUERCIES SARCELE9
K01 ¢ SARCE4ATO
502 TF¢KFREQ.LT. 1} GG TO 255 SARCE4T
503 IF(IEAR.GE,2) GO 10 255 SARCES72
504 S¢NEQ+1)=0, SARCF4TS
505 CALL FHFO(MEQ,ACKAA),ACKFMY,ACKMY,HE,S) SARTF474
506 CALL PRTFQ(WE,S,NJTS,NEQ,ACKID)) SARCFATS
507 c SARCF4T6
508 e STATIC LOAD EFFECTS SARCE4TT
509 c SARCF478
510 255 IF (KSTAT.EQ.0) GO 10 260 SARCEATO
511 CALL RESERV (ACKAD,ACKAA),ACKM),NSTO,NF3,KODST,NEQ, 1,2) SARCF480
512 CALL OPTSOL (A(KA),A(KDDS),A(KM),NEQ,1,3) SARCFA81
513 CALL RESPON (ACKBL),ACKD),A(KDIS),ACKVEL),ACKACC) ,ACKDDS), A(KERP), SARCF482
514 TACKENNY  ACKIAD)  ACKJH) , ACKIVY  ACKJRY, ACKTP), ACKTN) , DISMAX, ACKBL) , ASARCF483
515 2(KID), MJTS,NELG, NELM, ELDAM, ELHYS, STDAM, STHYS, STROAM, STRHYS, N1BAY) SARCF484
516 IF (KSTAT.NE.-1.AND.KVARY.EQ.D) GO 10 250 SARCF485
517 IF (KVARY.NE.O) PRINT 240 SARCT4B6
518 240 FORMAT (///32H ERROR - YIELD UNDER STATIC LOAD) SARCELBT
516 GO TO 10 SARCF4ES
520 c SARCE4LB9
521 c MODIFY STIFFNESS FOR GEOMETRIC AND INERTIA EFFECTS SARCE49D
522 c SARCF491
523 250 IF (KODST.NE.Q) CALL RESERV (A{KA),ACKAA),A(KM),NSTO,NF3,KODST, NEQSARCF492
524 1,JeoL, 1) SARCF4S3
525 260 TF (NSTEPS.EQ.0) GO TO 10 SARCF4%4
526 1STEP=1 SARCF495
527 TENVY=TENV SARCF4D6
528 KVARY=100000000 SARCE4UT
529 CALL STIFF (A(KBL),ACKAR) ACKDY,ACKIADY,ACKFMY,ACKVEL), ACKM), ACKBLSARCFAO8
530 13) SARCF499
531 CALL RESERV (A(KA),A(KAR),ACKM),NSTO,NF3,KODST,NER, 1,2) SARTFS00
532 CALL OPTSOL (A(KA),ACKDDS),ACKM),NEQ,1,1) SARCFRO1
533 ¢ SARCFSG2
534 c SOLVE, STEP BY STEP SARCF503
535 C SARCFS04
535 DO 280 ISTEP=1,NSTEPS SARCFS05
537 c SARCE506
538 c COMPUTE TIME HISTORY FOR FUNDAMENTAL NATURAL FREQUENCIES SARCFSO7
539 C SARCES08
540 IF(KFREQ.LT.T) GO TO 271 SARCES09
541 IFCIFREG LEQ. 0) IFREQ=NSTEPS+] SARCF510
542 REM=DFLOAT(ISTEP)/DFLOAT (1FREQ)-DFLOAT(ISTEP/ 1 FREQ) SARCFS T
543 IF(REM .NE. 0.0) GO TO 271 SARCTS12
TN SENEQ+T3=0, SARCF513
545 CALL FNFQCHED, ACKAA), ACKFM)Y, ACKN),WE,S) SARCES14
546 CALL PRTFQ(WE,S,NJTS,NEQ,ACKID)) SARCEE1S
547 c SARCF516
548 ¢ MODIFY STIFFNESS IF NECESSARY SARCE517
549 c SARCF518
550 271 1F (KVARY.EQ.D) GO TG 270 SARCF519
551 IF (KODST.NE.O) CALL RESERV (A(KA),A(KAA),A(KM),NSTO,NE3, KODST, HEQSARCF520
552 1,JC0L, 13 SARCFS21
55% CALL STIFF (A(KBLY, ALKARY  ACKDY  ACKIAD), A{KFMY ACKVEL) , ACKM) , ACKBLEARCFS 22
554 1) SARCFS23
555 CALL RESERV (A(KA),A(KAA),A(KM),NSTO,NF3,KODST,NEQ, JCOL,2) SARCFS24
556 CALL OPTSOL (A(XA),ACKDDS),A(KM),NEQ, JCOL, 1) SARCES25
557 c SARCFE26
558 ¢ SET UP EFFECTIVE LDAD SARCFS27
559 C SARCFS28
560 270 CALL FORCE (A(KD),ACKDDS),ACKAXH), ACKAXY)Y, ACKFK), ACKEQM) , ACKVEL Y, ASARCF529

B~7
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561
562
563
564
565
566
567
568
569
570
571
572
573
574
375
576
577
578
579
580
581
582
583
584
385
586
587
588
589
590
591
592
593
594
395
596
567
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
633
614
615
616
617
618
619
620
621
622
623
524
625
626
627
628
629
6350
631
832
633
634
635
636
637
638
639
640

(o e w1

[ e]

o0 0

[}

™ O

[ R o]

OO0

aoco

T(KACE)) SARCFE30
SARCES3T

RESPONSE SARCES3Z
SARCF5T3

CALL OPTSOL (A(KA),A(KDDS),A(KM),KEQ,JCOL,2) SARCF5754
CALL RESPON CALKBL),A(KD),ACKDIS),ACKVEL)Y,A(KACC),ACKDDS ), ACKENP) , SARCFS35
TACKENN Y, ACKIAD Y, ACKJR) , ACKIVY, ACKJR) ,ACKTP Y, ACKTH) , DISMAX, ACKBL ), ASKRCF536
2CKIDY, HJTS,NELG, NELN, ELDAM, ELAYS, STDAM, STHYS, STRDAM, STRHYS, KIBAY) SARCFS37
IF (KSTAT.EQ.-1) GO TO 290 SARCFS38

IF (ISTEP.MNE.IENV.OR.IENV.GE.NSTEPS} GO TO 280 SARCFS30
CALL OUTEND (ACKBL),ACKIAD),A(KENP),ACKENNY,ACKTP)Y, ACKTH),ACKID), NSARCFS4D
1478) SARCESAT
IFCKDAMAGE .GE. 1) CALL OUTDAM {ACKBLY,ACKIADY,A(KID),NJTS,NOKE NESARCFS4?
LG, MELN , STDAM, STRDAM, NGD ,DDAM SARCFS43
PENV=TERV+ IENVY SARCFS44
SARCF545

280 COHTIHUE SARCESLE
SARCFS47

PRINT FINAL ENVELOPES SARCE548
SARCF549

29G CALL OUTEND {A(KBL),A(KIAD),ACKENP),ACKENN),ACKTP),ACKTNY,ACKID),NSARCFS50
1478} SARCF55 1
LF(KDAMAGE .GE. 1) CALL OUTDAM (ACKBLY,A(KIAD),ALKID),HJTS,NOKE,NESARCF552
1LG, NELN, STDAM, STRDAM, HOD , DDAM) SARCFS53
SARCFGS4

PRINT REORGANISED DISPLACEMENT TIME HISTORIES SARCF555
SARCFES6

IF (ITHPJ.EG.G) GO TO 300 SARCFS57
CALL THPRJ (A(KJH),ACKJIV),ACKJIRY NFT) SARCESSS
SARCF559

PRINT RECRGANISED RELATIVE HODE DISPLACEMENT TIME HISTORIES SARCF560
SARCE561

300 IF (ITHPR.EQ.0} GO TO 310 SARCF562
CALL THPRR (NF7,ISJ) SARCF563
SARCEG64

PRINT REORGANISED ELEMENT TIME HISTORIES SARCFS85
SARCES66

310 18 (ITHP.EQ.0) GO TG 85 SARCF567
CALL THPREL (MF4) SARCFS68

85 I1F(IEAR. LT. NEAR} GO TO 91 SARCF569
IF(KEARTH .EQ. O .CR. NEAR .EQ. 1) 6O TG 10 SARCFS 70
SARCFST]

COMPUTE STATISTICS FOR DAMAGE INDICES SARCFSTZ
SARCFS73

IF(NEAR .GE. 2) CALL DSTATISCACKXY,ALKY) MJITS,NELTOT, ICHK, IDSGH, NQOSARCFS 74
TKE , NELN, DDAM, KIBAY ,DBAVG,DCAVG,DEDIF PDEDEF, ECOR, I ICHK, IECHK, NOD, DSARCFS75
1D1,0D2) SARCFS 75
IF(KAUTO .LE. 0 .OR. ICHK .EQ. 0) GO 7O 10 SARCFS77
1EAR=0 SARCF57SB
IDSGN=1DSEN+1 SARCF579
PRINT 350, I1DSGN SARCFES0

G0 0 91 SARCF581
350 FORMATCIHT///7, 15CBH 7%y J15(BH**=2 3 777, SARCF582
110X, ‘NUMBERS OF CORRECTIVE DESIGN FOR COLUMNS AND BEAMS ,112///) SARCF583
SARCF584

999 STOP SARCF585
EUD SARCF586
SUBRGUTIKE INJTS (X,Y,ID,HJTS,NCOMJT,NCDJT,HCDDOF,NCDDIS) 4TS 1
IMPLICIT REAL*8(A-H,0-2) TS 2
TS 3

SET UP JOINT COORDINATES AND ID ARRAY IRJTS 4
IEJTS 5

COMMON/CONTR/ NELGR,NEQ,MBAND ,NPTH, NPTV, NSTO, JCOL , NSTORY , HBAY IRITS 6
COMMOMN/WORK/ KDOF(3), 1JOINT(14), IDUM, (591 INITS 7
IRJTS 8

DIMEMSION X(1),Y(1),ID(NSTS, 1) INITS 9
IRJTS 10

INITIALIZE CCORDINATES INITS 11
INJTS 12

DO 10 IJ=1,N4TS INITS 13

Y (14 )=999999. INJTS T4

10 X(1J)=999999. INJTS 15
INJTS 16

CONTROL JOIMT COORDINATES IHJTS 17
IHITS 18

PRINT 20 INITS 19

20 FORMAT (25H1CONTROL MODE CCORDINATES/// INJTS 20
1 SH NODE, 6X, THX-COORD, &X, 7HY-COORD /) IHITS 21
DO 50 IJ=1,NCONJT INITS 22
READ 3C, LJT,X(LJT),Y(IJT) INJTS 23

B8
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64t
642
643
844,
£45
&bt
64T
648
64%
650
651
652
653
654
655
656
657
658
£59
660
661
662
663
664
665
666
667
668
669
670
671
672
673
&74
675
&76
677
678
679
680
681
682
683
684
685
686
o87
488
689
£90
691
692
693
694
695
696
697
498
£99
700
701
702
703
704
705
706
707
708
709
710
7
712
713
714
715
716
717
718
7i9
720

[N w

(97

o)

30

40
50

60

70

80

%0

160

110

120

130
140

150

160

170

180

190

209
210

220
230

249

250
260

FORMAT(15,2F10.0)

PRINT 40, PJT, XCIJT3,Y(LJT)
FORMAT (15,2F13.3)

COMT INUE

GEHERATION COMMANDS

PRINT 60

FORMAT (////25H MODE GENERATION COMMANDS /3

IF (HCDJT.NE.O) GO TG 80

PRINT 70

FORMAT (/7, SH NONE)

60 TO 130

PRINT 90

FORMAT (/, 6H FIRST, 4, 4HLAST, 3X, SHHO.OF, 4X, 4HNODE, 5X,
1 BHDISTANCE, /, 6% NODE, 4X, 4HNODE, 3X, SHNODES, 4X,
2 LHDIFE, /)

DO 120 [J=1,3E0JT

READ 100,147,447, MJT,KDIF,PROP

FORMAT (415, F10.0)

IF (KDIF.EQ.0) KDIF=1

PRINT 110, LJT,JdT,NJT,XDIF,PROP

FORMAT (16, 318, F13.3)

CALL LIMGEN (X,Y,1JT,JJT,HdT,KDIF,PROP)
CONT INUE

GEMERATE UNSPECIFIED JOINT COORDIWATES

Id=%

Ld=1Jd+1

If (IJ4.GT.HJTSY GO 1O 160

IF (X(14).NE. 999999, GO TO 140
F=1d-1

JUT=1J7

JdT=dd7+1

[F (JJT.GT.KJTSY GO TO 160

[F (X(JITI.EQ.999999.) GO TO 158
NIT=JdJT-TdT-1

PROP=0.

CALL LINGEN (X,Y,1dT,dJT,KJT,1,PROP)
Td=JUT

GO TO 140

CONTIHUE

PRINT 170, (14, X(IJ},Y(RJY, 1d=1,NJTSY
FORMAT (Z6H1COMPLETE NODE COORDIMATES///

1 5H MODE, 6X, 7HX-COORD, 6X, 7HY-COORD, //, (I5, 2F13.3))

INITIALIZE 1D MATRIX
DO 186 I=f,MJTS

DO 180 J=1,3
10(1,43=0

ZERO DYSPLACEMENTS

PRINT 190

FORMAT (27HTZERC DISPLACEMENT COMMANDS /)

YF (NCDDOF.HE.0) GO TC 200

PRINT 70

G0 TO 280

PRINT 210

FORMAT (/6H FIRST, &X, 4H X , 4X, 4H Y , 4X, 4HROTN,

1 46X, GHLAST, 4X, 4HNODE, /, 6H WNODE, 4X, 4HCODE, 4X,
2 4HCODE, 4X, 4HCODE, 4X, 4HNODE, 4X, 4HDIFE, /)

BO 270 1J=1,NCDDOE

READ 22C,1JT,(KDOF{J),J=1,3},JJT,KDIF
FORMAT (415

PRINT 230, 1JT,(KDOF(J),J=1,3),ddT,KDIF
FORMAT (16, 518)

DO 260 ¢=1,3

IDCIJT, J)=KDOFC)

IF (JJT.EQ.0} GO TO 270

IF (KDIF.EQ.0) KDIF=?
NT=(JdT-1dTI/KDIF

DO 260 1i=1,WJ7

LIT=1 ST+KDIF

DO 250 J=1,3

IDCIJT, J)=KDOF(J)

CONT IRUE

5-9

IRJTS
IRJTS
INJTS
INJTE
INJYE
ENJTS
ENJTS
[HATE
TS
I#4TS
INSTS
INGTS
[NJTS
INJTS
TRITS
1NJTS
INGTS
INJTS
ENJTS
[HJTS
[HATE
[44T8
IHJTS
INITS
INJTS
IRJTS
INJITS
INJTS
INJTS
iINJTS
INJTS
[HJTS
[H3TS

INJTS 5

INGTS
INJTS
INJTS
IHJTS
IRJTS
INJTS
1HJTS
iNJIS
HUNERS
INJTS
INJTS
[#JTS
18478
INJTS
INJTS
INJTS
INJTS
INJTS
INJTS
iNJTS
[NJTS
[NJTS
[84T8
IHJTS
INJTS
INJTS
INJTS
TRJTS
4TS
INJTS
INJTS
INJTS
[HJTS
INSTS
INJTS
INJTS
INJTS
IRJTS
INJTS
INJTS
iINJTS
INJTS

24
25
26
27
&8
79
36
3
32
33
34
35
36
37
38
39
40
a1
42
43
44
45

[HJTS10C
IHITS101
183781902
18478103
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721 270 CONTINUE IKITS 104
722 c TNJTS105
723 c IDENTICAL DISPLACEMENTS IRITS106
724 ¢ 14475107
775 280 COMTIHUE INJTS108
726 PRINT 290 IHIT5109
707 290 FORMAT (//// 284 EQUAL DISPLACEMENT COMMANDS /) MJTST10
728 IF (NCDDIS.NE.0) GO TO 300 INJTS111
729 PRINT 70 HITS112
730 GO 1O 380 INJTS113
731 300 PRINT 310 INITS 114
732 310 FORMAT ¢/, 5H DISP, 3X, SHHO.OF, /, INJTS115
733 1 S5H CODE, 3X, SHNODES, 6X, 14H LIST OF NODES, /) INITST16
T3k BO 370 1J=1,HCODIS INJTST17
735 READ 320,KODOF,NJT, (1JOINTCI), I=1,KJT) INJTS118
736 320 FORMAT (1615} IJT5119
737 PRINT 330, KODOF,NJT,(IJOINTCIY,1=1,MJT) IRITS120
738 330 FORWAT (15, I8, 6X, 1415) IHSTS121
739 1=1JOINT(E) INSTS122
740 IF (ID(I1,KODOF).LT.0) GG TO 350 IH4TS123
741 DO 340 1=2,MJT IHSTE124
742 k=1 JOINT(D) INJTS125
74% 340 1D(IK,KODOF)=-11 4TS 126
744 to t0 370 INJTS127
745 350 DO 360 I=2,HJT INITS128
746 IX=1JOINTCT) INJTS129
747 360 ID(IK,KODOF)=ID(IL,KODOF) INJTST130
748 370 CONTINUE INJTS13Y
749 c INJTS132
750 ¢ SET UP 1D ARRAY 1NJTS133
751 c 1HITS134
752 380 KOUNT=0 INJTS135
753 DO 410 I=%,HJTS INITS 136
754 DO 410 J=1,3 INJT$137
755 IF (IDC1,J).KE.O0) GO TO 390 INJTS138
756 KOUNT=KOUNT+1 IHITS139
757 IDCI, J)=KOUNT INSTS140
758 G0 TO 410 INITS 141
759 390 1F (IDCE,J).NE.1) GO TO 400 INJTS142
760 10¢1,4y=0 INJTS143
761 GO 1D 410 INJTS144
762 400 L1=-1D¢1,d) INJTS145
763 IDCI,d)=IDCEL,d) INJTS146
764 410 CONTINUE INJTS147
765 c INJTS 146
766 PRINT 420, (I,(iDCI,d),d=1,3),1=1,KdTS) 1HITS 149
767 420 FORMAT(24H11D ARRAY (FOR INTEREST)/// 14475150
768 1 S5H MODE, 7X, THX, 7X, 18Y,7X, 1BR//(15,318)) IJTS151
769 c IKJTSI52
770 NEQ=KOUNT INJT$153
771 KOUNT =KOUNT+1 IN4TS154
772 DO 430 1=1,N478 INJTSI55
773 D0 430 J=1,3 INJTS156
774 TFOCIDCI,4).50.0) IDCI, dy=KOUNT INJTS157
775 430 COMTINUE 1478158
776 C INJTS159
777 RETURN INJTS150
778 END INJTS161
779 SUBROUTINE LINGEN (X,Y,1JT,J4Jd7,HJT,KDIF,PROP) LINGE 1
780 IMPLICET REAL*B(A-H,0-Z) LINGE 2
781 c LINGE 3
782 ¢ SUBRCUTINE TO GENERATE JOINTS ALONG STRAIGHT LINE LINGE 4
783 c LINGE 5
784 DIMENSION X(1),Y(1) LINGE 6
785 C LINGE 7
786 XESXCHIT) LINGE &
787 TE=Y(3IT) LINGE 9
788 DX=X{JJT)-X1 LINGE 10
789 DY=Y(JT}-Y1 LINGE 11
790 IF (PROP.LT.1.) GO TG 10 LINGE 12
791 PROP=PROP/DSART (DX**2+DY**2} LINGE 13
792 10 tF (PROP.EQ.0.) PROP=1./DFLOAT(HJT+1) LINGE 14
793 DX=DX*PROP LINGE 15
794 DY=DY*PROP LINGE 16
795 c LINGE 17
796 DO 20 LJ=1,NJT LINGE 18
797 TIT=14T+KDIF LINGE 19
798 XI=X1+DX LENGE 20
799 {I=Y1+DY LINGE 21
800 XELSTI=X1 LINGE 22
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801 20 Y{I4T=Y]

802 C

803 RETURHN

804 END

505 SUBROUTINE INMASS (FM,IEQFM,ID,NCOMS,NJTS)
806 IMPLICIT REAL*8(A-H,0-Z)

807 C

808 C SET UP MASS MATRIX

809 c

810 COMMOM/CONTR/ NELGR,NEQ,MBAND ,NPTH, NPTV, NSTO, JCOL, KSTORY ,NBAY
811 COMMON/WORK/ FMAS(3),W(1597)

8i2 C

813 DIMEKSION FM{T),EEQFM(T), ID(NJTS, 1)

84 C

815 REQT=NEQ+1

816 DO 10 J=1,MEQ1

817 LIEGFM{J)=1

818 16 FE(Jd3=0.

819 C

820 PRINT 20

821 20 FORMAT (25HTMASS GENERATION COMMANDS///
822 1 64 FIRST,BX,6H X ,BX,6H Y ,10X,4HROTH,4X, 4, 6HLAST,
823 2 4X, 4HNODE, 4X, SHMODIFYING/

&24 3 6H  HNODE, 8X, 6H MASS, BX, 6H MASS, 10X, 4HMASS, &4X,
825 4 4X, 4HNODE, 4X, 4HDIFF, 4X, SH FACTOR 1)
826 D6 90 1J=1,KCDMS

vy C

828 READ 30,1JT,(FMASCI), I=1,3),447,KDIF, SSCALE
829 30 FORMAT(I5,3F10.0,215,F10.0)

830 [F (SSCALE.EQ.0.) GO TO 40

831 SCALE=SSCALE

B32 40 PRINT 50, IJT, (FMAS(I1),1=1,3),JJT,KDIF,SCALE
833 50 FORMAT(16,3E14.4,4X,218,F13.2)

834 c

835 Do 60 J4=1,3

834 IF (FMAS(J).EQ.C.) GO 7O &0

837 IEQ=ID(IJ¥,d)

838 FMCTEQ)=FM(IEQ)+FMAS(J}/SCALE

839 IEQFM{ IEQ)y=d+1

840 60 CONTINUE

841 C

842 IF (JJT.£Q.9) 60 TO 90

843 IF (KDIF.EQ.Q)Y KDIF=1

844 NdT=(HIT-TUTYI/KDIF

845 DO 80 IK=1,NJT

846 1dT=1JT+KDIF

84T DO 70 J4=1,3

848 If (FMAS(S).EQ.O0.3 80 TO 79D

849 1EQ=IDC 14T, )

850 FRCIEQ)Y=FM{IEQ)+FMAS(J)/SCALE

851 TIEQF®{IEQ)=J+]

852 70 CONTINUE

853 B0 CONTENMUE

854 C

855 $0 CONTINUE

856 FM{NEQ+T)=0.

857 C

58 PRINT 100

859 100 FORMAT (////22H COMPLETE NODAL MASSES///
860 1 SH NODE, 11X, BHX-MASS, T1X, GHY-MASS, 11X, BHR-MASS e
861 C

862 DO 140 1J=1,HJ1S

863 Do 120 J=1,3

864 IEQ=ID(iJ,J)

865 IJT=IEQFM{IEQ)

866 IF (IST.LE.TY GO TO 110

867 FMAS(Jy=FM{IEQ}

868 IEQFMCIEQ)y=~TJdT

869 GO 70 120

870 110 FHAS(J)¥=D.

871 120 CONTINUE

872 c )

873 PRINT 130, IJ,(FMAS(JY, =1,3)

874 130 FORMAT (15, 3F17.6)

875 C

876 149 CONTEKUE

877 C

878 o 150 J=%,KEQ

879 150 [EQFM{J)=TABS(IEQFM(J))

880 C

L.INGE
LINGE
LINGE
L THGE
INMAS
TRMAS
INMAS
INMAS
THMAS
THMAS
INMAS
IHHMAS
1MMAS
1NWAS
P NMAS
ENMAS
ENHMAS
ENMAS
[NMAS
[HMAS
[HMAS
[HMAS
1NMAS
TNMAS
THMAS
INMAS

INMAS -

IKMAS
INMAS
INMAS
INMAS
TMMAS
INMAS
1HMAS
INMAS

INMAS

INMAS
INKAS
INMAS
PNMAS
[NMAS
ENMAS
[ HMAS
[NMAS
[HMAS
[NMAS
[HMAS
[HMAS
INMAS
INMAS
THMAS
INMAS
I NMAS
IKMAS
THMAS
1HMAS
1HMAS
INHAS
IHBAS
INMAS
IHMAS
IHMAS
PNMAS
[HMAS
ENMAS
[HMAS
IHMAS
INMAS
THMAS
THMAS
IHMAS
INMAS
INMAS
TKMAS
INMAS
INMAS
INMAS
INHAS
1HMAS
1HMAS
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281
882
a3
&84
845
&86
887
888
889
&90
891
892
893
894
895
896
897
898
899
200
901
962
903
904
$05
06
07
908
09
910
211
912
913
914
215
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
531
932
933
934
935
936
937
938
939
940
941
942
943
Yt
945
46
97
948
949
950
951
932
953
954
955
956
957
958
959
960

]

©r

RETURN
END

SUBROUTIHE INEXLD (D, ID,HCDLD,NJTS, [EQFM)
IMPLICIT REAL®B(A-H,0-2)

SET UP STATIC LCADS GIRECTLY OH JOINTS

COMMOM/CONTR/ NELGR,HEQ,MBAND , HPYTH, NPTV, NSTO, JCOL NSTORY , MBAY

COMMON/WORK/ FLD(3),WC1597)
DIMENSION D1}, IDCNJTS, 1), IEQFM(1}

po 10 1=1,NEQ
10 D(13=0.
D{NEQ+1)=0.
IF (HCDLD.EG.D) RETURN
PRINT 20
20 FORMAT(29HISTATIC NODAL LOAD GENERATION///

1 &K FIRST,BX,6H ¥ ,BX,6H Y ,BX, SHMOMENT,BX,4HLAST,
2 4, LHNGDE /

3 &H NODE,8X,&H LOAD,BX,6H LOAD,BX,65H LOAD ,BX,4HNODE,
4 LY, LHDEEE/ )

DO 8C TJ=1,HCDLD

READ 30, 14T, CFLDCIY, 1=1,3),JJT,KDIF
30 FORMAT(IS,3F10.0,215)

PRINT 40, 1JT,(FLD(1),1=1,3),4J7,KBIF
40 FORMAT (16, 3F14.3, 4, 2I8)

Do 59 J=1,3

PEQ=ID (14T, )
50 DEIEQY=D(IEQI+FLDCJ)

1F (JJT.EQ.0) GO TO 80
If (DIF.EQ.0) KDIF=1
HIT=(dJT- 14T I/KDIF
DO 70 1K=1,HdT
14T=1JT+KDIF
BO 60 J=1,3
IEQ=1D(IJT, )
60 DCIERY=DIEQY+FLDEA)
70 CONTINUE
80 CONTIRUE
BYNEQ+1)=0.

PRINT 94

90 FORMAT(////28H COMPLETE STATIC NODAL LOADS///
1 SH ONODE, 6%, GHX-LOAD, 6X, 6HY-LOAD, 6X, SHMOMENT/)

DO 130 1J=1,HJTS
DO 190 J=%,3
IEQ=ID{Ed,J)
1JT=IEQFM{1EQ)
IF (IJT.LY.0) GO TO 100
FLD(J)=D({1EQ)
IEQFM{1EQ)=- 1T
G0 TO 110

100 FLD(JY=0.

110 CONTIHUE

PRINT 120, 1J,(FLDCJ),d=1,3)
120 FORMAT (15, 3F12.3)
130 CONTINUE

DO 140 J=1,NEQ
140 TEQFM(JI=IABS(IEQFM(J))

RETURYH
END

IHMAS 77

INEXL 67

SUBRGUTINE INAXL (KFORM,TH,GH,TV,GV, GAXH, GAXY NSTEPS,DT, FACAXH, FACINAXL

1THH, FACAXV, FACTHY, KEARTH, 1EAR)
IMPLICIT REAL*B(A-H,0-2)

SET UP EARTHQUAKE RECORDS

COMMON/CONTR/ MELGR, NEQ, MBAND ,NPTH,RPTV,NSTO, JCOL, NSTORY , NBAY
COMMON / EQUAKE /DSEED , PGA , WG, TAU, UWG, PG, IEVL , KIEVL, ENA, ENB, EKC

DIMEMSION KFORM(13,THC1),GHCTY, TVC1),GV(T), GAXRCTY, GAXV( 1),

1 TEQFM(T)
B-12

1
INAXE 2
INAXL 3
INAXL &
INAXL 5
INAXL 6
IHAXL 7
INAXL 8
{HAXL 9
INAXL 10
IMAXL 11
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951
P62
963
964
965
)
967
958
P6Y
970
7t
972
973
974
975
976
977
P78
979
80
981
982
983
984
S85
86
87
88
989
490
991
992
993
994
995
996
997
598
999
1000
1001
1002
1003
1004
1605
1006
1667
1668
16G%
1010
1611
1612
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1929
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040

C

c

TNAXL
DATA XPR, YPR f3H X , 3H ¥ / IHAXL
INAXE
IF (NPTH.EQ.0) GO TO &0 THAYE
IF (KEARTH.EG.0} GG TO 20 TRAXL
CALL QUAKE(TH,GH,HPTH, FACAXH, FACTHH, IEAR) THAXL
G0 TO 35 THAXE
20 READ 30, (TH(I},GH{I),1=1,NPTH) TRAXL
30 FORMAT(6(F6.3,F7.3)) THAXL
35 IF (KFORM(13.ME.0) PRINT 40, XPR,(THCI),GHCI),I=1,HPTH) THAXE
40 FORMAT (24HTGROUND ACCELERATIONS IN, A3, 1QHDIRECTION, AS INPUT///INAML
1 S(4X, AHTIME, 7Y, SHACCEL, 3X3 // THAXL
2 (5(F 8.3, F12.4, 30N THAXL
THAXE
PO 50 I=1,NPTH THAXL
GHIY=GH(E Y¥FACAXH INAYL
50 THCI)=TH(E Y*FACTHH THAXE
THAXL
55 IF (NSTEPS.LE.D) GO 1D 80 THAXE
CALL INTPOL (TH,GH,GAXH,DT,HSTEPS) THAXE
INAXL
IF (KFORM(2).ME.D) PRINT 60, XPR,(H,GAXH(H), H=1,6NSTEPS) THAXE
60 FORMAT (24H1GROUND ACCELERATIONS IN, A3, INAYL
1 A7HDIRECTION, AS SCALED AND INTERPOLAYED /// THAXL
2 5¢{SH STEP, 7X, SHACCEL, 5X) // TNAXL
3 (5(I5, Fi2.3, 5X3}) IHAXL
THAXL
GA=0. TNAXL
BO 70 I1=1,HSTEPS TNAXL
GAXK (I Y=GAXHC T )-GA INAXL
70 GA=GAXH(I }+GA TNAXL
INAXL
80 IF (NPTV.EQ.D) G0 TO 130 TNAXL
IF {(KEARTH.EG.D) 6O TO 100 THAXL
CALL QUAKE{TV,SV,NPTV,FACAXV, FACTHV, IEAR) TNAXL
GO 1O 105 ENAXL
100 READ 30, (TV(I},GV¢I),I=1,NPTV) TNAXL
105 IF (KFORM(1).NE.O) PRINT 40, YPR,{TV{NY,GVENY,N=1,NPTV) THAXL
INAXL
DO 110 I=1,NPTV INAXL
GV( ! Y=GV( 1 )"FACAXY INAXL
116 TYCEY=TV( J*FACTMY TNAXL
INAXL
I (NSTEPS.LE.O) GO TG 130 IHAXL
CALL INTPOL (TV,GV,GAXV,DT,NSTEPS) INAXL
INAXL °
IF (KFORM(2).NE.Q3 PRINT 60, YPR,{N,GAXV(N},N=1,NSTEPS) IMAXL
INAXL 5
GA=0, INAXL
B0 120 1=1,4STEPS IHAXL
GAXV(T )=GAXV()-GA IHAXL
120 GA=GAXV(I}+GA INAXL
INAXL
130 RETURN THAXL
END INAXL,
SUBROUTINE RANTNT(N, IR) RANIN
IMPLICIT REAL*8CA~H,0-Z) RANTY
DIMENSION IRCT) RANIN
RAHIN
DSEED=123457.000 RANIN
K=2147483647 RANIH
CALL GGUD(DSEED,K,N,IR) RAHIH
RETURN RANIN
END RARIN
SUBROUT INE QUAKE(T,G,N,FACA, FACB, IEAR) QUAKE
IMPLICIT REAL*8(A-H,0-Z) QUAKE
COMMON /EQUAKE /DSEED , PGA, WG, TAU, UWG, PG, 1EVL, KIEVL, ENA, ENB,ENC QUAKE
COMPLEX*16 AGL,A(1024) QUAKE
DIMENSION G(N),T(M),RRCT024),WK(6294), IWK(6294) QUAKE
PARAMETER(P1=3.1415900) QUAKE
EQUIVALERCECTWKCT), WKC 1)) QUAKE
QUAKE
EN=DFLOAT(N) QUAKE
DF=UWG/ (2.DO*PL*EN) QUAKE
DT=1.DG/(DF*EN) QUAKE
FG=WG/{2.D0*PI) QUAKE
QUAKE
SO=(PGA™¥2) /((PGF*2)*PI*UGH (0. 5/TAU+Z, DI*TAL)) QUAKE
QUAKE
PO 10 I=1,8 QUAKE

B~13

13
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TEIY=DT*DFLOAT(I-1)/FACE

G(I)=DF*DFLOATC((I )}

ALPHA=4 DO*((GCI y*FGHTAUY*%2)

G( [ )=2.D0*S0O¥ (FE¥*4+ALPHA) / ({GLII¥¥2-FGHF*2 YW 2+AL PHA)

CALL RAMAGL{M,RR,PI ,DSEED}

DO 48 1=1,M
AGL=DCMPLY(DCOS(RR(T}),DSINC-RRCI}))
ACI)=DSORT(B(I ¥R . DO*PIFDE)*AGL

CALL FFTCCCA, N, TWK,WK)

DO 59 [=1,8
G{ [ )=DREAL(DSQRT(Z.DOY*ALIY)

IFCIEVL .GE, 23 GO TO 70

DO 60 I=1,K

EI=DFLOAT(I-1)*DT

EG=1.D0

IF(TCEY .LE. ENA} EG=(1.DO/ENA)*EI

TFCT(EY JGE. EMB) EG=(1.DO/(ENC-ENB))*(EMB-EI}+1.D0
IF(TELY JGE. ENCY EG=0.DO

G(Tr=G{IY*EG/FACA

GO TO 90

10=1.D0/ (ENA-ENB)*DLOG(ENA/ENR)
GAMMA=T.D0/ (EXP (-ENA*TO) -EXP(-ENB*TO))
D0 80 1=1,H

E{=DFLOAT(I-1)%DT

EG=GAMMA® (EXP(-ENA*T{ 1) }-EXP{-ENB*T(I)))
G(1)=G({I)Y*EG/FACA

CONTINUE

RETURM

END

SUBROUTINE RANAGL(N,RR PI DSEED}
DOUBLE PRECISICH DSEED,RR{N},PI
REAL RANCI024)

DO 10 I=1,M
RAN(1)=GGUBFS(DSEED)

BQ 20 I=1,H

RRC1Y=RAN(E¥*2.DO*P]

CORT I NUE

RETURN

END

SUBROUTINE INTPOL (T,G,GAX,DT,NPMAX)
IMPLICIT REAL®8(A-H,0-2)

INTERPOLATE EARTHQUAKE DATA
DIMENSTON T¢13,6(1),GAXCT)

N=1

TIM=C.

DO 30 MSTEP=1,HPMAX

TIM=FIM+DT

IF (TIM.LE.T{N+1)) GO TO 20

H=N+1

GO 10 10
PP=(TIM-T(N}}/(TCN+TI-TCRYY
GAX(MSTEP y=PP*G(N+1)+{1.~PP)*G(N}

RETURN

END

SUBROUTINE CONSTANT
IMPLICIT REAL*B(A-H,0-2)

DAMPING DATA AHD INTEGRATION COEFFICIENTS

COMMON/DAMP/ ALPHA,BETA,DT,GAXCTE,CON1,CONZ, CONS, CON4 , CONS,
1 c¢1,c2,c3,c4,05,06,C7,C8,£9,C19,C11,£12, BETAG, DELTA

COEFFICIENTS FOR CONSTANT ACCN METHOD
CORI=4, /DY™42

CONZ=2. /DY
CON3=4 . /DT

QUAKE
QUAKE
QUIAKE
QUAKE

QUAKE ©

QUAKE
QUAKE
GUAKE

GUAKE <

GUAKE
QUAKE
QUAKE
QUAKE
QUAKE
GUAKE
QUAKE

GUAKE .
QUAKE

QUAKE:
GUAKE
QUAKE
QUAKE
GUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
QUAKE
HRIAKE
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
RANAG
INTPO
INTPO
INTPO
INTPO
INTPO
[HTPO
[HTPO
[HTPO
[NTPO
[WTPO
[¥TPO
[MTPO
[HTPO
[HTPO
[HTPO
[¥TPO
[HTPO
INTFO
[NTFO
CONST
CONST
CONST
CONST
COHST
CONST
COMST
CONST
CONSY
CORST
CONST
CONSY
CONST

35
36
37
8
39
40
41
42
43
44
45

—
= RO NGV WA —

—_
DO N NN =g
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1121 CONG=2, COMST 14
1122 CONS=0, CONST 15
1123 ¢ CONST 16
1124 Co=1.0/¢1.0+BETA%CONZ ) CORST 17
1125 C1=(CONT+ALPEA%CONZ y*C6 COHST 18
1126 Co=CON4+ALPHA*CONS CONST 19
127 CR=CONZALPHARCONG CONST 20
1128 CA=CONS*BETA*G1 CONST 21
1129 CH=CONG*BETA®L] CONST 22
1130 C7=CONL*RETAYLE CONST 23
1131 CB=CONS*BETA*LS CONST 24
1132 Co=C2-Ch CONST 25
1133 £16=C3-£5 CONST 26
1134 C11=CONG*BETAL*LE CONST 27
1135 C12=CONZ*BETADCS LONST 28
136 ¢ LONST 29
1137 RETURN LONST 30
1138 END CONST 31
1139 SUBROUTINE OUTJT CLJTH,LITV,LJTR, ID,N4TS) QUTET 4
1140 IMPLICIT REAL*B(A-H,0-7} oUTST 2
41 ¢ oUTIT 3
142 ¢ LEST QUTPUT JOINTS FOR TIME HISTORY UTIT 4
1143 ¢ QUTIT 5
1144 COMMON/OUTH/ TP, IPE,KNT 4, KNTE, NHOUT , NVOUT , NROUT ouTJT 6
1145 ¢ oUTIT 7
1146 DIMEMSTON LJTHC1),LETVCTY,LITRCT), IBCNITS, 1) ouTIT 8
1147 ¢ outTIT 9
1148 IF (MHOUT.EQ.OY GO T¢ 30 OUTIT 10
1149 READ 10, (LJTHCIY, D=1, KEOUT) ouTJT 11
1150 10 FORMAT(3015) OUTJT 12
1151 PRINT 20, (LJTH(IY,1=1,NHOUT) OUTJT 13
1152 20 FORMAT (//// 264 NODEG FOR X DISPL KISTORY// OUTJT 14
1153 1 (5%, 20I5)) oUTJT 15
1154 30 IF (NVOUT.EQ.0} GO 10 60 OUTJT 16
1155 READ 40, (LJTVCI3, 1n%, RVOUT) oUTJT 17
1156 40 FORMAT(1015) oUTJT 18
1157 PRINT 50, (LJTV(I}, T=%,NVOUT) oUTJT 19
1158 50 FORMAT (//// 26K HODES FOR Y DISPL HISTORY// oUTJT 20
1159 1 (5%, 2015)) UTIT 21
1160 60 TF (MROUT.ES.D) GO TO 90 SUTJT 22
1161 READ 70, (LJTRCI),1=1,NROUT) oUTST 23
1162 70 FORMAT(1035) OUTIT 24
1163 PRINT 80, (LJTR(1},I=1,NROUT) ouTIT 25
1164 80 FORMAT (//// 27 NODES FOR ROTATION HISTORY// UTJT 26
1165 1 (5%, 2015)) ouTT 27
1166 90 RETURH oUTST 28
1167 END QUTIT 29
1168 SURROUTIHE ENELE® (1D,X,Y,H,NJTS,NELTOT,ITY,STIN,CONIN, SECIN,DDIN, IHELE 1
1169 TRHOM, YBM, NELG, NELN, 1P, KIP, PR, PPR,DMY) INELE 2
1170 IMPLICIT REAL®B(A-H,0-2) INELE 3
1171 ¢ INELE &
1172 ¢© INPUT ELEMENT DATA INELE 5
173 ¢ INELE 6
1174 COMMON/CONTR/ NELGE,NEQ, MBAND , NPTH, NPTV, NSTO, JCOL, NSTORY , NBAY IMELE 7
1175 COMMOM/GENINF/KCONT{ 10, KELEM( 10 ), NELEM{ 103, HINFC10) ,NDOF(10) INELE 8
1176 1 L FCONT {33, NUMEH{10) INELE 9
1977 COMMON/PASS/ LGR, ESTEP, NSTEPS, KVARY , NBLOK,KSTAT,KDDS, KM, IDUM(4)  INELE 10
1978 COMMON/STOR/ NAVST,HF1,NF2,NF3,HF4, NTST,KODST,KDATA, NF17 IHELE 11
1979 COMMON /DAMAGE /KDAMAGE , [ TDAM, K IDAMT , NASKIP, HSSKIP MGSKIP,GLHYS,  INELE 12
1180 1GLDAM IHELE 13
1181 COMMON/AUTC/KAUTG, KAUTOD , KECO, KECOD , NDSGN, NDSGND, KFREQ,KFREGD,  IHELE 14
1182 1 DBALL,DCALL,DBSTD,CONC, STEEL , 1ECO, BMAVG, BMDEV, 1CONV IRELE 15
1183 € INELE 16
1184 DIMENSION STIN(6,1),CONIN(S, 1), SECINGG,1),DDINCZ, 1), YBMC2, NELG, 1), INELE 17
1185 TI¥Y(3, 1), RHOMC2, NELG, 1), DMY(NELG, 1) INELE 18
1186 DIMENSION M¢1),1P(1),KIP(),PRCT),PPR(2, 1) IKELE 19
1187 DIMENSION X(1),Y(1), IDCMJTS, 1) IHELE 20
1188 € INELE 21
1189 NEQT =NEQ+1 IRELE 22
1190 DO 10 I=1,NEQ1 INELE 23
1191 19 M1 3=1 INELE 74
1192 ¢ IKELE 25
1193 ¢© STORE NODE COORDINATES FOR THE PLOT OF DAMAGE INDEX IMELE 26
119 ¢ INELE 27
1195 [F¢KDAPT.EQ.0) GO TO 15 INELE 28
1196 ¢ THELE 29
1197 ¢ PRINT MUMBER OF STORY AND BAY FOR A OUTPUT OF DAMAGE INDEX THELE 30
1198 ¢ IMELE 31
1199 15 [6=0 INELE 32
12600 MELTOT=0 THELE 33
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120%
1202
1203
1204
1205
1286
1207
1208
1209
1210
121
212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1£35
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1259
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1276
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280

G

[ M

INELE
CONC=0.0 INELE
STEEL=0.0 INELE
DO 149 IGR=1,HELGR IMELE °
READ 20,KCOMT, FCONT INELE
20 FORMAT(1015,3E10.0) IHELE
PRINT 30, IGR IMELE
30 FORMAT(2QHIELEMENT SPECIFICATION, GROUP,I3//) THELE
KEL=KCONT (1) TNELE
KELEM( IGR)=KEL INELE
NELEM(IGR)SKCONRT(2) INELE
HELTOT=HELTOT+KCONT( 2} THELE
INELE
80 TO (40,50, KEL IHELE
40 CALL INELL(KCONT,FCOMT,NDOF(IGR),MINFCIGRY,1D,%,Y,NdTS,CONC, STEEL, INELE
TITY,STIN, CONIN, SECIN,DDIN, RHOK, YBM, NELG, NELN, 1P, KIP,PR,PPR, DY)  INELE
GO TO 140 INELE
50 CALL INELL(KCOMT, FCONT,NDOF{IGR),MINFCIGRY, ID, ¥, Y, NITS,CONC, STEEL , INELE
TITY,STIN,CORIN, SECIN,DDIN,RHOM, YBM, NELG, NELK, 1P, KIP,PR,PPR,DMY)  INELE
140 CONTINUE THELE
INELE
REWIND HE17 INELE
REWIND WFZ INELE
CALL MODIFY (M, NEQ,NSTO) INELE
INELE
RETURN INELE
£HD INELE
SUBROUT IHE COMSOL (1AD,BE,LSOFAR} CONSO
IMPLICET REAL¥S(A-H,0-2) CONSO
£ONSO
COMPACT ELEMENT DATA IN AVAILABLE STORAGE, INITIALIZE ARRAYS CONSD
CONSO
COMMON/CONTR/ HELGR,NEQ, MBAND , NPTH, MPTV, NSTO, JCOL , NSTORY, NBAY CONSO
COMMON/GENTMF /KCONT(10) , KELEM{ 10) , NELEMC1G), NINF{10), NOOF(10) CONSO
1 , FCONT (3, NUMEMC 10) CONSO
COMMON/STOR/ MAVST,NFT,NFZ, NF3,HFG,NTST,KODST, KDATA COHSD
COMMOMN/PASS/ 1GR,1STEP,NSTEPS, KVARY,NBLOK,KSTAT KODS, KM, IDUM(4)  CONSO
CONSD
DIMENSION 1AD(1),BL(T) CONSO
CONSO
HRLOK=1 CONSO
1¢=0 CONSO
HSELM=LSOFAR CONSD
CONSOD
DO 7O I8R=1,HELGR CONSO
HEL=NELEM{IGR) CONSD
MIN=HIKF¢1GR) CONSO
IF (WIN.LE.NAVST) GO 7D 20 CONSD 2
PRINT 10 CONSD
10 FORMAT(4CMTINSUFFICIENT STORAGE FOR SINGLE ELEMENT) CONSO
NAVST=NIN CONSO 7
20 DO 60 IEL=T,NEL CONSO
MSELM=HSELM+N Y CONSO
=16+ CONSO
IF (IC.GT.1) GO 7O 30 CONSD |
1AD¢IC)=1 CONSO
KBB=1 CONSD
GO TO 40 CONSO
30 IADCIC)=IADCEC-TI+HENP CONSO
KBB=JAR(IC) CONSOD
40 IF (KBB+NIN.LE.NAVST) GO TO 50 CONSO
CALL STORE (BL(T),NAVST,NF1,2) COHS0
NBLOK=NBLOK+1 CONSO
IABCIC)=1 CONSG
KBB=1 LONSO
50 CALL STORE (BL(KBB)Y,WIN,NFZ,1) CONS0
CONSO
60 HINP=NIN CONSO
70 CONTINUE CONSO
CONSD
PRINT 80, LSOFAR,HSLOK,NSELM CONSO
80 FORMAT(2TH1STORAGE REQUIREMENTS/// CONSO
1 5X,34HSTORAGE EXCLUDING ELEMENT DATA =167/ CONSO
? 5%,34HNUMBER OF BLOCKS OF ELEMENT DATA =16// CONSO
2 5X,34HTOTAL STORAGE IF SINGLE BLOCK  =16) CONSQ
CONSO
If (NBLOK.GT.1) CALL STORE (BL(1),NAVST,NF%,2) CONSO
REWIND NF1 CONSO
REWIND HF2 CONSO
CONSO

Login: chung Page: 16
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1281
1282
1283
284
1285
1286
1287
1288
1289
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1292
1493
1294
1295
1296
1297
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1299
1300
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1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1542
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360

[ >N e

1o
20

14

10

RETUSRH

END

SUBROUTINE FINISKH
TMPLICIT REAL®8(A-#,0-27}

COMMON /GENINF/KCONT (10}, KELEMC10), RELEM(TO), NIHF(10), NDOF(10}

L, FCONT(3), HUMEMC 103
COMMON/PASS/ 1GR, ISTEP, NSTEPS, KVARY , NBLOK, KSTAT,KDD'S, KH, IDUM(4)
COMMON/STOR/ MAVST,NFT,NF2,NF3,HF4,NTST,KODST, KDATA, NF17
COMMOM/ TNFEL/ COM(215)

CALL STORE (COM MINFCIGR) NF2,2)
CALL STORE {COM,MINFCIGRY,NF17,2}

RETURN

END

SUBRDUTINE STORE ¢4,¥,HF,K)
IMPLICIT REAL¥S(A-H,0-2)

DIMENSION A(N)

GO 7O ¢€10,203, K
READ ¢NF) A
RETURN

WRITE (NF} A

RETURM

END

SUBROUTINE BAND

IMPLICIT REAL*B(A-#,0-2)

COMMON/GENINF /KCONT ¢ 10), KELEM( 10), NELEXC10), HINFE 10}, NDOF(10)
,FCONT(3), NUUMEM(T0)

COMMON/PASS/ IGR, [STEP,NSYEPS,KVARY NBLOK, KSTAT ,XDDS, XM, 1DUM(4)

COMMOM/INEEL/ IMEM, IMEMD ,KST,KSTD,LM(1),LMD(1},DUN(212)

COMMON A(1)

CALL SBAND (A{KM},LM NDOF(IGR))

RETURH

END

SUBROUTINE SBAMD (M, LM NDF)
IMPLICIT REAL*B({A-H,0-2}

DIMERSION M{13,LM¢T)

DO 10 J=%,HDF
JU=LHCd)
HN=MC L)

DO 10 I=1,HDF

1E=LM(1}

IF (JJ.LT.IT.OR.IT.GE.KN) GO TO 10
M{JJy=11

HH=EE

CONTINUE

RETURHN

END

SUBROUTINE MODIFY {M,NEQ,NSTO)
IMPLICIT REAL*8(A-H,0-7}

DIMENSION M({T)

NSTO=D

DO 10 J=1,HEQ
NSTO=NSTO+1+J-H( S}
M{J I=HSTO

RETURK

ERD

SUBROUTIRE MULTST (A, ST,ATK, FK,NK MM}
IMPLICIT REAL*8(A-Y¥,0-Z)

DIMENSION FICCHN, T3,ACHMM, 1), STCMM, 1), ATK(NN, 1)
FORM WATRIX PRODUCTS A(T)*ST=ATK AKD ATK*A=FK

Do 10 I=1,MN
DG 10 J=1,HM

CONSO
CONSC
FINIS
FINIS
FINIS
FiNis
FINIS
FINIS
FINIS
FENES
FERES
FENES
FEMNES
FENES
FINIS
FINIS
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
BAND

BAKND

BAND

BAND

BAND

SAHD

BAHD

BAND

BAND

BAND

BAND

BAND

BAND

SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAKD
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
SBAND
MODIF
MODIF
HMODIF
MODIF
MODIF
MODIF
MORIF
HMODIF
MODIF
MODIF
MODIF
MODIF
MULTS
HULTS
MULTS
MULTS
MULTS
HULYS
MULTS
MULYS
HMULTS

54
35
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1361
1362
1363
1564
13465
1366
1367
1368
1369
1370
1371
1372
1373
1574
1375
1376
1377
1378
1379
13580
1381
1382
1383
1384
1385
1386
1387
1588
1589
1390
13
1392
1593
1394
1393
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1607
1408
1609
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440

e NN

[o ]

1C

20
30

4G

50
60

70

10

20

30

0

20
30

i

ATKCE, 4)=0,

DO 30 K=1,4M

DO 30 I=1,NM

AA=ACK, 1)

IF (AA.E0.0.) GO TO 30

DO 20 J=1, MM

ATKCE, JI=ATKCT, JI+ARYST(X, 43
CONTINUE

DO 40 1=1,NN
DO 40 J=1,KN
FKCT,J)=0.

DO 60 K=1,iM

DO 60 J=1, NN

AR=ALK, )

IF (AA.EG.0.) GO TO 60

DO 50 E=d, NN

FKOE, Jy=FK{T, JI+RATKCE  KI*AR
CONTINUE

DO 70 I=1,NH
DC 70 J=1,NH
FK(E, d)=FK(Jd, 1)

RETURN

END

SUBROUTINE MULT (A,B,C,11,KK,dJ)
IMPLICIT REAL*B(A-H,0-7)

FORM MATRIX PRODUCT A*B=C
DIMENSION ACII,T),B(KK,13,CCII, 1)

59 10 i=1,I11
DO 10 J=1, 44
C{1,43¥=0,

90 30 1=1,11

D0 30 K=1,KK

AA=A(E,K)

IF (AA.EQ.0,) GO TO 30
D0 20 =1, 44
CCE,d=CL T, D+ARYR(K, 1)
CONT{ NUE

RETURN
END

SUBROUTINE MULTT ¢A,B,C,11,KK,JJ)
IMPLICIT REAL*B(A-H,0-2)

FORM MATRIX PROBUCT A(T)*B=C
DIMENSION ACII,13,BCI1,13,C(KK, 1)

DO 19 K=1,KK
DO 10 d=1,4d
C{K, d)=0.

DO 30 K=1,KK

PO 30 I=1,11

RA=ACT, )

IF (AA.EQ.0.) GO TO 30
PO 20 4=1,4d
CCK,JI=CCK, J3RARRBLT, 0D
CONTINUE

RETURM

ERD

SUBROUTINE ELODES (DDIS,VEL,LLM)
IMPLICIT REAL*B(A-H,0-2)

COMMON/GENINF/ KCONT(10),KELEM(10),NELEMCT0)  NINF(10),NDGF(10)

LECONT (3}, NUMEM(10)

COMMON/PASS/ IGR, 1STEP,NSTEPS,KVARY ,NBLOX KSTAT,KDDS,KM, IDUM(4)

togin: chung Page: 18

COMMON/DISVEL/ DDISE(1G),VELE(IG),DD{10)

DIMENSTON DDISCT),VELCT)Y, LLM(T)

HULTS
MULTS
MULTS
MULTS
MULTS
HULTS
MULTS
MULTS
HULTS
MULTS
MULTS

MULTS ¢

HULTS
MULTS

MULTS ¢

HEULES
HULTS
HULTS
WULTS

MULTS ¢

MULTS
HULTS

HULTS 3

MULTS
MULTS
HiLTS
#ULTS
MULTS
MULY
MULY
MULY
MULY
MULY
MULT
MULT
MULT
MULT
MULT
HULT
MULT
MULT
WULT
MULT
MULT
HULT
MULT
MULT
MULT
HULT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
MULTT
EFLDIS
ELDIS
ELDIS
ELDIS
ELDIS
ELDIS
ELDIS
ELDIS
ELDIS
ELDIS
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HY
1442
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1467
1468
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1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
140
1491
1692
1493
14694
1495
1456
1497
1498
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1500
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e Be Nl

a0

10

10

10

20

40
50

10
20

30

HDF=HDOF(IGR}

O 10 K=1,NDF
LL=LL8{K}
DDISE(KY=DDIS(LL)
VELE(K)=VEL{LL}

RETURMN

END

SUBROUTINE SFORCE (DD}
IMPLICIY REAL*B(A-H,0-Z)

ADD CLAMPING FORCES TO STATIC LOAD VECTOR

COMMON/GENINE /KCONT (103, KELEMCT0), NELEXCT0) , NINF(10), NDOF¢10)

1 L FCONT(3), NUMEM( 10}

COMMON/PASS/ [GR,1STEP,NSTEPS,KVARY,NBLOK, KSTAT,KDDS, KM, IDUM(4)
COMMON/ ENFEL/ ISEM, IMEMD,KST,KSTD,LMC1), LMD 1), DUK(212)

COMMON ALT)

DIMENSION BD(1)

KDD=KDDS- 1

HDF=NDOF{IGR)

DO 10 I=1,NDF

LE=EM] )

A(KDD+LL)=ACKDD+LL)-DD{ I}

RETURN

END

SUBROUTIHE FORCE (D,DDIS,GAXH, GAXV, FM, IEQFM,VEL,ALC)
IMPLICIT REAL*8(A-H,0-2)

SET UP DYHAMIC LOAD VECTOR FOR CURRERT STEP

COMMON/CONTR/ NELGR,NEQ,MBAND  NPTH, NPTV, NSTO, JCOL , NSTORY , KBAY
COMMON/PASS/ 10R,ISTEP,NSTEPS,KVARY ,NBLOK,KSTAT ,KDDS, KM, 1DUMC4)
COMMOM/DAMP/ ALPHA BETA,DT,GAXCTE,CONY,CON2, CON3, CON4, CONS,

1 €1,C2,C3,C4,05,06,07,C8,09,010,C11, €12, BETAD, DELTA

DIMENSION D(1),DDISCI), GAXR(1),GAXV( 1), FM(1), IEQFM( 1) VEL(1T),
1 ACC(1)

DO 50 1=1,NEQ
IEQ=TEQFM(1)
LFCNPTH.EQ.0 .AND. IEQ.EQ.2) IEQ=4
IF(NPTV.EQ.0 .AKD. IEQ.EQ.3) IEG=4
GO O (40,10,20,30), IEQ
DCII=DCIY-FMCLY*GAXHCISTEP)
GO TO 30
DCTY=DCI) - FM{ L Y*GAXV(ISTEP)
DDISCE)=DCTY+FMCI Y (COYACCLT)+CI0%VEL(I))
60 TO 50
DDISCI)=D(I)
CONT IKUE

RETURN

£ND

SUBROUTIME RESERV (A,AA, M, L NF,KODST,NEG, JCOL,K)
IMPLEICIT REAL™8(A-H,0-2)

DIMENSION A(L) AA(L), M(NEQ)
IF (KODST.EQ.0) GO TO 10

CALL STORE {A,L,NF,K}
REWIND Nf
GO TO 60

I# {JCOL.GT.1) GO TC 30
DO 20 I=1,L
ALL)=AA(I)

GO TO 40
JOp=M{JCOL-T)
Jd=1

DO 50 J=4COL,NEQ
JD=M(Jd}
JH=4D-JDP

JbP=JD
HE=MINO(JH, )
D0 40 I=1,ME
ACJD I=AACUD)

ElLDES
ELDIS
ELDIS
ELpis
ELDiE
ELDIE
ELDES
ELDES
SFORC
SFORC
SFORC
SFORC
SFORC
SFORT
SFORC
SFORC
SFORC
SFORC
SFORL
SFORC
SFORC
EFORC
SFORC
SFORC
SFORC
SFORC
SFORC
SFORC
FORCE
FORCE
FURCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
RESER
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1521
1522
1523
1524
1525
1576
1527
1578
1579
1530
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1533
1534
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1536
1537
1538
1539
1540
1547
1542
1543
1544
1545
1566
1547
1548
1549
1550
1557
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
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1589
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40
50

60

20
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70

80

90

100

114
129
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144

JD=db -1
Jd=Jud+i

RETURN
ERD

SUBROUTINE OPTSOL (A,B,HA,HEQ, JCOL,KEX)

IMPLICIT REAL*B(A-H,0-Z)

DIMENSION A(T),B(NEQ)},NACNEQ)

NEQR=NEG- 1T
GO YO (10,150,193, XEX

RESER
RESER
RESER
RESER
RESER
OPTSO
GPTS0
OPTED
UPTSO
UPTEN
OPTS0
OPTS0

**w*ﬁ***ﬁw*w*w***w**#tw*wwwww****wwww#&www**www*w*w***********w*w*osto

REDUCE COEFFICIENT MATRIX A

GPTE0

*k****#***************************ﬁ***************ﬁ*wﬁﬁ**@*ﬂ***w**OpTSG

JF=MAXG( SCOL, 2}

Ji=JF+1

FL=JdF-1

JCL=JCOL -1

MAJP=NACIL)

DO 140 J=JF,NEQ
NAS=HA{J}
§F=J1-NAJ+NAJP

IF (EF.GE.Y GO TO 130
EFT=MAXOCIF+1,JCOL)
JK=HAJ~J

fF (IFT.6T7.IL) GO TG 80
JIA=JK+IF1

11=iFi+1

KL=1F1-1

HAIP=HALXL)

Do 76 1=IF1,IL
HAT=NALL)

TK=HAI-1

T1=T1-NAI+NATP

1F (1I.GE.IY GG TO 60
KF=MAXO(TT, IF)
JKA=JK+KF

TKA=TK+KF

AASR{JIA}

IF (KF.GE.JCOLY GO 1O 30
DO 20 K=KF,JdCL
NAK=NACK)

AA=AA- AL JKAY*ACTKAY*A(NAK )
JKA=JA+

TKA=IKA+T

IF (JCOL.GT.XL) GO TO 50
KF=JCOL

BO &0 K=KF,KL
AB=AR-ACJKAY*A(TKA)
JKA=JKA+T

1IKA=TKA+1

ACJTAY=RA

JEA=JIA+T

V=149

KL=KL+]

NAIP=NAT

KF=IF
JKA=JKFIF

AA=A(NALY

IF (IF.GE.JCOLY GO TO 100
BO 90 K=1F,JCL

HAI=NACK)
AAEAA-ACHATIYA(JIKA)*%2
JKA=JKA+T

[F ¢(JCOL.GT.IL)Y GO TO fj20
KF=JC0L,

PO 110 K=KF,IL
NAT=NA(K)
CO=ALJKAY/ACKALY
AA=RA-AL JKAY*CE
A{JKA)=CC
JCA=JKA+1
ACHAJI=AA
FL=IL+]

J1=J1+1

HAJP=NAJ

GPTS0
UPTS0
GPTSO
DPTSO
OPTS0
OPTSO
DPTSO
oPTS0
OPTE0
OPTSO
OPTEOD

OPTSO 2
OPTSO 2
OPTSO 2
OPTSO &

OPTSO
OPTE0

OPTSO &
oPTS0 2
OPTS0 2

OPTSE0D
OPTE0
OPTS0
OPTS0
OPTSO
OPTEOD
OPTSO
OPTS0
OPTSD
OPTS0
OPTS0
OPTSO
QPTS0
OPTS0
OPTSO
OPTSO
OPTS0
OPTS0
OPTSO
OPTSC
OPTSD
OPTSO
OPTSC
OPTSO
OPTSO

OPTS0 &

OPTSO

OPTSO
OPTSO 5

OPTSO
OPTSO
DPTSO
OPTSO
OPTS50
DPTS0
OPTS0
OPTSO
QPTS0
OPTS0
CPTSO
OPTSO
OPTSO
OPTSOD
OPTSO
OPTSO
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27
28
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1601
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1614
1615
1616
1617
1618
1619
1620
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1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680

C

c
c
C

[z NeRel

OO

150
160

170

180
190

200

210

220
230

240
250

60 70 (250,250, 1503, KEX

OPTs0 76
opTED 77

**************#***********k**************&Wwwww**ﬁ****%*w*ﬁ*****W*UPTSG 78

REDUCE VECTOR B AMD BACK SUBSTITUTE

OPTER 79

***w*************ww*w**ww**********w****wwwwww«ww*************wwwwupT50 80

DO 160 M=1,MEQQ

IF (B(NI.NE.O.) GO TO 170

CONTINUE

H=HERG

H1=§+1

[1=N1+1

KL=y

HAIP=NA(N}

DO 200 =W1,NEG
NAI=HACI)
TI=1T-HAI+NAIP
IF (Il.GE.I) GO TO 190
KF=MAXOCII, N
TR=NAT -
IKA=TK+KF
BE=B(1}

DG 180 K=KF, KL
BE=BB-A(IKAY*B(K}
IKA=TKA+1
B(I)=BB

[1=1141

KiL=KL+1

NAIP=NAT

DO 210 I=H,NEQ
HAT=NACTY
BLII=B(I)/A{NAL)

J=NEQ

J1=d+1

KL=REQQ

NAJ=MA{NEQ}

DO 240 1=1,HEQQ
NAJP=NACT-1)
[T=J1-NAJ+HAJP

IF {II.GE.J} GO TO 230
JK=NAL-J

KF=11

JKA=JK+KF

BB=B(J)

DO 220 K=KF,KL
BCKY=B(K)-A{JKA*BB
JKA=JKA+T

Ji=d1-1

Kb=KL-1

d=d-

NAJ=HAJP

RETURH
END

SUBROUTINE STIFF ¢BL,SA,D,IAD,FM,VEL M, IBL)

IMPLICIT REAL*8(A-H,0-2)

ASSEMBLE STIFFNESS MATRIX

COMMON/CONTR/ NELGR,NEQ,MBAND ,HPTH, NPTV, HSTO, JCOL ,NSTORY , NBAY
COMMON/GEMINF /KCONT {103, KELEM¢ 10, MELEM{ 103, NINE(10) , NDOF(10)

L FCONT(3), HUMEM(10)

COMMON/PASS/ 1GR, ISTEP,NSTEPS,KVARY ,NBLOK ,KSTAT,KDDS, KM, IDUM(4)

COMMON/DAMP/ ALPHA,BETA,DT,GAXCTE,CONT, CONZ2, CON3 , CONA, CONS,
€1,£2,£3,¢4,C5,06,€7,08,C9,C10,C1%,C12, BETAQ, DELTA

COMMON/STOR/ NAVST,8F1,MF2 NF3,NF4, KTST,KODST,KDATA

COMMOM/ INFEL/ TMEM, IMEMD,KST,KSTD,LM(1),LMDCT),DUN(212)

DIMENSION BL(T),SACT), TADCT), DY, FMCTY, VELCT Y, MOy, IBLCT)

DIMENSION FK{100)
SELECT ELEMENTS IN TURN

JCOL=NER
1C=0

DO 18G 1GR=1,NELGR
NELSNELEM(IGR)
KEL=KELEM({I1GR}
MIN=NINF(IGR)

D F=HDOF ¢  GR)

OPTS0 &1
oPTs0 82
OPTSO 83
OPTE0 84
OPTS0 B3
OPTs0 86
OPYs0 87
OPTSD 88
OPYTZO 89
OPTED 90
OPTEO 91
OPTSC 92
OPTS0 93
OPTED 94
ORTEO 95
OPTE0 96
OpPTSO 9F
oPTs0 98
OPTS0 99
oPTS0100
OPTSOTM1
opPTEQ102
OPTS0103
GPTS0104
CPTS0105
OPTSC196
oPTEG107
0PTS0108
OPTS0109
OPTS0110
oPTSD3Y
0PTS0112
oPTS0113
OPTS0% 14
OPTSO145
oPTS01 16
OPTS0117
oPTSO118
OPY5011¢
OPTSOT20
OPTS0121
OPTS0122
OPTSO123
oPTS0124
oPTSC125
OPTS0126
oPTS0127
OPTSO128
0PTs0129
STIFF
STIFF
STEFF
STIFF
STIFF
STIFF
STIEF
STIFF
STIFF
STIFF
STIFF 1%
STIFF 12
STIFF 13
STIFF 14
STIFF 15
STIFF 16
STIFF 17
STIFF 18
STIFF 19
STIFF 20
STIFF 21
STIFF 22
STIFF 23
STIFF 24
STIFF 25
STIFF 26

—
SO0 WA DY s
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1681

1682
1683
1684
1685
1686
1687
1688
1689
1650
1691

1692
1693
1654
1695
1696
1697
1698
1699
1760
7o

1762
1763
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
17
1718
1719
1720
1721

1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1743

1742
1763
1744
1745
1746
1747
1748
1749
1750
17514

1752
1753
1754
1755
1756
1757
1758
1759
1760

C

C

[ ]

s NeNel

e R e e

e el ol

e NN eyl

16

20

40
130

140
150

160

170
180

190

200

210

220

Do 170 1EL=1,HEL

IC=1C+1

I (IC.GT.KVARY) G0 TO 220

IDD=IAD(IC)

iF (HNBLOK.EG.1} 6O TO 10

iF (IDD.EG.T) CALL STORE {BL, MAVST,NF1,1)

IF {ISTEP.LT.2} GO TO 20
IF (KST.EQ.0) GC To 170

GO 10 ¢30,40), KEL

CALL STIF (ISTEP, HDF,NIN,BL{IDD)Y,FK,C12}
GO o 130

CALL STIF {ISTEP,NDF, HIN,BLCIDDY,FK,C12)
CONT IHUE

ADD ELEMENT STIFFNESS FiK TC TOTAL STIFFHESS

DO 150 L=1,HDF

LML=LHMCL)

IF (LML.GT.NEQ) GO TO 150
IF (LML.LT.JCOL) JCOL=LML
DG 140 K=1,HDF

LMK=LM(K)

1F (LMK.GT.HEQ)} GO TO 140
IF (LHK.LT.LML) 6O TO 140
LK=(K- 1 )*NDF+L
JJ=MCLMK Y < (LMK- LML)
SALJIZSALJSIHFECLE)
CONTIHUE

CONTINUE

CORRECT FORCE VECYOR FOR STIFFHESS CHANGES

IF (BETA.EQ.0.0.OR.ISTEP_LT.2) GO 7O 170
DO 160 L=1,NDF

LML=LM(L)

LK=L

DO 160 K=1,MDF

LMK=LM(K)

DCLMLY=D (LML ) -BETA*FKCLK)Y*VEL (LMK)
LE=LK+HDF

CONTINUE
CONTIRUE

ADD MASS DEPENDING FACTOR TO TOTAL STIFFMESS

IF (ISTEP.GT.1) GO TO 220
IF (ISTEP.EQ.0) GO TO 200
DG 190 I=1,NEQ

11=M{1}
SACI1Y=SA(11}+CI*FM(T)

G0 TO 220

CHECK FOR ZEROS ON DIAGONAL

DO 210 1=1,HEG

Pi=M(I}

IF (SA{1!l}).EQ.C.) SAU11)=0.0000CC1
CONTINUE

KVARY=0
REWIND MF1

RETURN
END

STIFF
STIFF
STLEF
STIFF
STIFF
STIFF

STIFF 1

STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
SYIFF
STIFF
STIFF
STIFF
STIFF
SYIFF
STIFF
STIFF
SYIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STIFF
STLFF
STIFF
STIFF
STIFF
STIFF

SUBROUTINE RESPON (BL,D,DIS,VEL,ACC,DDIS,DISENP,DISENN, IAD,LJTH,LJRESPO
1TV, LJTR, TIMENP, TIMENN, DISMAX, IBL, 1D, NJTS, HELG, NELN, ELDAM, ELHYS, STDRESPO

2AM, STHYS , STRDAM, STRHYS  HIBAY)
IMPLICIT REAL*B(A-H,0-7)

SOLVE STATE DETERMINATION PROBLEM FOR ELEMENTS
PRINT TIME HISTORY RESULTS

COMMOM/CORTR/ WELGR,NEQ, MBAND ,NPTH, HPTV,HSTO, JCOL , HSTORY , NBAY
COMMON/GERIRF/KCONT (10) , KELEM(10Y, NELEM{1G), NINF(10), NDOF(10)

1 , FCONT(3), NUMEM{ 10)

COMMON/PASS/ IGR, ISTEP,NSTEPS,KVARY, NBLOK,KSTAT,KDDS, KM, IDUM(2),

B-22

RESPG
RESPG
RESPC
RESPO
RESPO
RESFO
RESPO
RESPO
RESPO
RESPO

27
28
29
30
31
72
i

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

53
56
7
58
59
60
&1
62
43
&4
&5
66
&7
68
69
70
1
72

74
75
76
77
78
79
ae
a1
82
83
84
a5
86
ar
a8
8%
20
91
92
93
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1761
176z
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
177
1776
777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1865
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840

o

10

20

30
40
50

(g}

40

70

o

8C

90

100

o

110

120

118YH, [SYMD
COMMON/DAMP/ ALPHA  BETA,DT,GAXCTE, CONT,CON2, CON3 , CONG , CONS,

1 ct,02,03,04,€5,06,07,68,09,610,611,C12, BETAO, DELTA
COMMON/STOR/ MAVST,NF1,NF2,NF3,4F4,NTST,KODST,KDATA
COMMON/OUTH/ 100, IPE,KNTJ,KNTE , NHOUT , HVOUT , ROUT
COMMON/DISVEL/ BDISE(30),VELEC10),bD¢10)

COMMON/ INFEL/ TMEM, THEMD ,KST,KSTD,LMC1) LMD (1), DUM(212)

COMMON /WORK/POUT ( 16003
COMMOM/THIST/ITHOUT( 103, THOUT(20), 1THP, 1SAVE, NELTH, NSTH, NF7, ISE
COMMON/THISTJ/LTHPJ HF5, HSTHS, 184

COMMON/THISTR/ITHPR MFG,NSTHR , NHR, HVR , LRH1{50), LRH2(50), LRV1I(50},

i LRVZ2(50)

COMMOM /DAMAGE /KDAMAGE , ETDAM , K1DAMT , NHSKIP, NSSKIP  NGSKIP, GLHYS,
1GLBAM

COMMON / AUTO/KAUYG, KAUTOD , KECO, KECOD , NDSGH , NDSGND , KFREQ, KFREQD,
1 DBALL,DCALL,DBSTD,UONC, STEEL, LECO, BHAVG, BHDEV, [ CONV

DIMENSION ELDAM(NELG,1),ELHYSCNELG, 1), STHYS(NELG,1),
1STDAMCNELG, 1), STRDAMC 1Y, STRHYSCT) ,NIBAY(T)

DIMENSION BL{T),D(1),DISC1),VEL(T),ACC(13,DDISC1), DISERP(T),

1 DISENNCT), TADCY), TIMENPCT), TIMENNCY), LITHCTY, LITVCEY,
2 LJTRCTY, IBLCYY, IDCRJTS, 1)

TIME=DT*DFLOAT{ISYEP)
STATIC DISPLACEMENTS

IF (ISTEP.NE.O) GO TO 60
D0 10 1=1,MEQ

DIS()=DIS(I)+DDIS(I)

PRINT 20

FORMAT(///27H STATIC NODAL DISPLACEMENTS///5X,
1 SH NODE, 6X, 7HX-DISPL, 6X, THY-DISPL, 5X, BHROTAT IO/ )
DO 40 1=1,KJTS

DG 30 J=1,3

14=10¢1, J)

POUT(J=DIS(1d)

PRINT 50, 1,(POUT(J),J=1,3)

FORMATC110,2F13.3,F13.5)

GO 10 80

DYNAMIC DISPLACEMENTS, VELOCITIES AND ACCELERATIONS

KNTJ=KNT d+1

KNTE=KNTE+1

90 76 1=1,KEQ

YVEL=VEL(I)

AACC=ACC(I)
DBD=CA*DDIS( L 3+C7*VEL (I )+BYACS(T)
DDD=CE*DB1S(1 3+CT*VEL(T)

DD IS¢ }=p0D

DISCII=DIS(])+DDD

VELCI ¥=VEL (! )+CON2*DDD - CONA*VVEL - CONS*AACC
VEL(TY=VEL( ] y+CON2¥DDD - CONG*VVEL
ACCCIY=ACC( T }+CONT*DDD - CONI*VVEL - CONA¥RACC

CHECK FOR DISPLACEMENT ENVELOPES

DO 100 I=1,£Q

IF (PIS¢I).LT.0.) GO TC %0

¥ (DISCI).LE.DISENPCT}) &C TG 100
DISENPLI)=DIS(1)

TIMENPC I Y=TIME

G0 TO 100

IF (DISCI).GE.DISEKNCI}Y GO TO 3100
DISENN{I3=D1S(1)

TIMENN(1)=TIME

CONT INUE

BRISCHE@+Ty=0.

PRINT DISPLACEMENT TIME HISTORIES AND SAVE ON TAPE

I¥ (ISTEP.EQ.O_AND.ITHPJ.GT.0) GO TO 110
IF (KNTJ.NE.IPJ) GO TO 290

FE (NHOUT.EQ.0) GO TO 180

DO 120 I=1,NHOUT

1d=LJTHCT)

LJ=IDCLd, D)

POUTCL }=DIS(I)

IF (ITHPJ.GT.1.0R.ISTEP.EQ.0) GO TO 70

B-23
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RESPO
RESPD
RESPO
RESPD
REEFO
RESPD
RESPD

RESFO &

RESPO

RESPO

RESPO

RESPOD 2
RESPO ¢

RESPOD
RESPU
REGPE
RESPG
RESPO

RESFO 3
RESPO 3
REGPO
REEPO -
REGPO
RESPO :
RESPQ i

RESFO
RESPO
RESPO
RESPG
RESPG
RESPC
RESPG
RESPO
RESPO
REEPO
REEPO
RESPO
RESPO
RESPO

RESPO 5

RESPO
RESFO

RESPO

RESPG
RESPC
RESPOG
RESPO
RESFO
RESPO
RESPO
RESPO
RESPU
RESPOD

RESPO &

RESPO
RESPO
RESPO
REGFG
RESPD
RESPO

RESPO 7

RESPO
RESPO
RESPO
RESPO
RESPO
RESPO
RESPO
REEPO
REGPO
RESPC
RESPC
RESPG
RESPQ
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RESPO
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1841 PRINT 130, TIME RESPO 93
1842 150 FORMAT (/// 344 X-DISPLACEMENTS AT NODES, TIME = 7.3 /)  RESPO 94
1843 NZ=D RESPO 05
1844 140 Hi=H2+1 RESPO 96
1845 NZ=H14D RESPO OF
1846 IF (MZ.GT.NHOUT) H2=NHOUT RESPO 98
1847 PRINT 150, (LJTH(I3,I=H1,H2) RESPO 99
1848 PRINT 160, (POUT(I),I=H1,H2) RESPGA00
1849 150 FORMATC13H NODE NG.  ,10110) RESPO101
1850 166 FORMAT(13H DISPLACEMENT,2X,10F10.3) RESPO10Z
1859 IF (H2.LT.NHOUTY GO TO 140 RESPCIO3
1852 17G IF (ITHPJ.LT.1) GO TO 180 RESPC104
1853 NON=NHOUT+1 RESPOIOS
1854 POUT (NON)=TIME RESPOT06
1855 CALL STORE (POUT,HOM,NFS,2) RESPO107
1856 HSTHJ=MSTHI+1 RESPOT0S
1857 180 IF (NVOUT.EQ.D) 6O TO 230 RESPO109
1858 DO 190 I=1,RVOUT RESPOT10
1859 LI=LJTVCD) RESPO11Y
1860 1J=1DC14,2) RESPOTL2
1861 190 POUTCEI=RISCIS) RESPOT 13
1862 IF (FTHPJ.GT.1.0R.ISTEP.EQ.0} GO TO 220 RESPOT 14
1863 PRINT 200, TIME RESPO115
1864 200 FORMAT (/// 54K Y-DISPLACEMENTS AT NODES, TIME = F7.3 /) RESPO116
1865 N2=0 RESPO117
1866 210 N1=H2+1 RESPO118
1867 N2=N1+9 RESPO119
1848 If (NZ.GT.NVOUT) NZ=NVOUT RESPO120
1869 PRINT 150, (LJTVCI),I=N1,42) RESPO1Z1
1870 PRINT 160, (POUTCI),I=N1,42) RESPO122
1871 IF (M2.LT.NVOUTY GO TO 210 RESPO1Z%
1872 220 EF (ITHPI.LT.%) GO TQ 230 RESPO1Z4
1873 NON=NVOUT+1 RESPO125
1874 POUT (NON =T IME RESPOI26
1875 CALL STORE (PCUT,NOM,NF5,2) RESPOIZT
1876 NSTHJ=NSTH+1 RESPO128
1877 230 IF (NROUT.EQ.0) GO TO 250 RESPO129
1878 DO 240 I=1,3RO0UT RESPGIED
1879 1J=LJTRECE) RESPOAS
1880 1=10(14,3) RESPO132
1881 260 POUTCI)=DIS(ILY RESPO133
1882 1F (ITHPJ.GT.1.0R.ISTEP.EQ.0} GO TG 280 RESPO134
1883 PRINT 250, TIME RESPO135
1884 250 FORMAT (/// 28H ROTATIONS AT HODES, TIME = F7.3 /) RESPO136
1885 N2=0 RESPO13T
1886 260 K1=N2+1 RESPO138
1887 N2=H14G RESPO139
1888 1F (N2.GT.NROUT} N2=NROUT RESPO140
1889 PRINT 150, (LJTRCI3,I=H1,H2) RESPO14]
1890 PRINT 270, ¢POUTCE},E=N1,N2) RESPO142
1891 270 FORMATCA3H RCTATION 2%, 10F10.5) RESPG143
1892 IF (H2.L7.NROUT) GO TO 240 RESPO144
1893 280 1F (ITHPJ.LT.1) GO TO 290 RESPOT4S
1894 HON=NROUT+1 RESPG146
1895 POUT (NOH)=T IME RESPO14Y
1896 CALL STORE (POUT,HOM,NF5,2) RESPO14B
1897 NSTHJ=NSTH+1 RESPO149
1898 290 CONTINUE RESPO1S0
1899 ¢ RESPO151
1900 ¢ PRINT RELATIVE DISPLACEMENTS AND SAVE ON TAPE RESPO152
1901 ¢ RESPO153
1902 ¥ (ISTEP.EQ.0.AND.ITHPR.GT.0) GO TO 300 RESPO1G4
1903 IF (KHTJ.NE.IPJY GO TO 420 RESPDIES
1904 300 [F (NHR.EQ.0) GO TQ 370 RESPOTS6
1905 DO 310 I=1,NHR RESPOIST
1906 TI1=LRRICI) RESPD158
1907 1J2=LRH2(1) RESPO159
1908 LJi=IDCIdT, 1) RESPD160
1909 142=1D¢142,1) RESPD16T
1910 310 POUTCEY=DIS(IJT)-BISLIJ2) RESPD162
1911 IF (ISTEP.EQ.0.OR.ITHPR.GT.1) GO TO 360 RESPD163
1912 PRINT 320, TIME RESPO164
1913 320 FORMAT(///46H RELATIVE X-DISPLACEMENT BETWEEM NODES, TIME =,£7.3/)RESPO165
1914 N2=0 RESPO166
1915 330 N1=NP+1 RESPO167
1916 NZ=NT+9 RESPO168
1917 IF (N2.GT.HHR) N2=HHR RESPO169
1918 PRINT 340, (LRHI(ID,LRH2(I),1=N1,N2) RESPOI70
1919 PRINT 350, (POUTCI),I=N1,82) RESPO171
1920 340 FORMATCTIH NODE PAIRS,10(15,2H -,13)) RESPD172
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1921 350 FORMAT(TIH REL DISPL.,10F10.4) RESPOTT3
1922 IF (82.LT.NHR) 8O TO 330 RESPO 74
1923 366 IF (ITHPR.LT.1} GO TO 370 RESPOT7S
1924 NON=HHR+ 1 RESPO176
1925 POUT (HON =T IME RESPO1TT
1926 CALL STORE (POUT,NON,NF6,2) RESPOTR
1927 NSTHR=NSTHR 1 RESPO1TY
1928 370 IF ¢HVR.EQ.0Y GO YO 420 RESPOIED
1929 DO 380 I=1,MVR RESPO181
1939 LE=LRVECT S RESPO1H2
1934 LJ2=LRV2(]) RESPO183
1932 141=10¢1J1,2) RESPOIB4
1933 142=1D(142,2) RESEOES
1934 380 POUTCEYSDIS(IJ1Y-DIS(I42) RESPOYEG
1935 IF (ISTEP.EQ.O.OR.ITHPR.GT.1) GO TO 410 RESPOIAT
1936 PRINT 390, TIME RESPDISS
1937 390 FORMAT(///46H RELATIVE Y-DISPLACEMENT BETWEEN NODES, TIME =,F7.3/)RESPOTES
1938 N2=0 RESPD190
1939 400 H1=p2+1 RESPO191
1940 N2=p 149 RESPD192
1947 IF (H2.GT.NVR} MZ=NVR RESPO1YY
1942 PRINT 340, (LRVICI},LRV2(I),1=i1,82) RESPOTO4
1943 PRENT 350, (POUT(I),I1=H1,82) RESPOTOS
1944 I (H2.LT.NVR) GO TO 400 RESPO196
1945 410 IF (ETHPR.LT.T} GO TO 420 RESPGIGT
1946 NON=NVR+1 RESEG198
1047 POUT (HOM} =T IME RESPGI9S
1945 CALL STORE (POUT,MON,KF6,2) RESPGZ00
1949 USTHR=NSTHR*1 RESPORO1
1959 420 CONTINUE RESPOZG2
1951 ¢ RESPUZO3
1952 ¢ CHECK FOR COLLAPSE RESPORD4
1953 C RESPOZOS
1954 BO 460 1=1,NEQ,3 RESPOZU6
1955 IF (DABS(DISCI)).LT.DISHMAX) GO TO 450 RESFO207
1956 430 PRINT 440 RESPOZ08
1957 440 FORMAT(ZORIMAXIMUM DISPLACEMENT EXCEEDED) RESPOZ09
1958 KSTAT=-1 RESPO2 10
1959 60 TO 470 RESPOZ11
1960 450 IF (DABS(DIS(I1+1)).GE.DISMAX) GO TG 430 RESPOZ12
1961 460 CONTIHUE RESPOZ13
1962 ¢ RESPOZ14
1963 C INITIALIZE FORCE VECTOR RESPOZT5
1966 ¢ RESPOZ 16
1965 470 DO 480 1=1,NEQ RESPOZTT
1966 480 D=0, RESPUZ18
1967 DINEQ+1)=0. RESPOZ19
1968 ¢ RESPO2ZD
969 ¢ STATE DETERMINATION FOR ELEMENTS RESPOZ71
1970 C RESPOZZZ
1971 1c=0 RESPO223
1972 KPR=0 RESPORZ4
1973 IF (NBLOK.GT.1) CALL STORE (BL,NAVST,NF1,1) RESPOZES
1976 ¢ RESPURYS
1975 DO 640 IGR=1,NELGR RESPOZET
1976 HEL=NELEM(IGR) RESPOZZB
1977 KEL=KELEM(IGR) RESPOZ29
1978 HDF=NDOF (1GR) RESPO230
1979 HIN=NINF(IGR) RESPOP31
1980 IF {KMTE.EG.IPE} KPR=1GR RESPD232
1981 IF (ISTEP.EG.0) KPR=-1GR RESPOZ33
982 ¢ RESPOZ34
1983 DO 640 I1EL=1T,NEL RESPOZ35
1984 IMEM=1EL RESPOZ3S
1985 KBAL=0 RESPOR3T
1986 1C=1C+1 RESPOZI8
1987 ¢ 115LP=0 RESPOZ39
1988 1DP=}ADCIE) RESPGZ40
1989 IF (NBLOK.EQ.%.0R.IDD.NE.1.0R.IC.EQ.1) GO TO 490 RESPO24T
1990 CALL STORE (BL,NAVST,NF2,2) RESPOZ42
1991 CALL STORE (BL, NAVST,NF1,%) RESPOZA3
1982 ¢ RESPOZ4L
1993 ¢ ELEMENT NODAL DISPLACEMENTS AND VELOCITIES RESPOZ4S
1994 ¢ RESFOZ46
1995 490 CALL ELDIS (DDIS,VEL,BL{IDD+2}) RESPO247
1996 € RESPD24E
997 ¢ GET RESPOMSE OF EVERY ELEMENT RESPO249
1998 ¢ RESPO250
1999 60 TO (500,510), KEL RESPOZ5 1
2000 500 CALL RESP (NDF,MIN,KBAL,KPR,BL(IDD),DDISE,DD,TIME,VELE,C11,DELTA, RESPCP52
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2001

£002
2603
2004
2005
<006
2007
2008
009
2010
2011

2012
2013
2014
2015
2016
2077
2018
2019
2020
2021

202
2023
2024
2025
2026
2027
2028
2029
2030
2031

2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2951
2052
2033
2054
2055
2056
2057
2058
£059
2060
20661

2062
2063
2064
2065
£066
2067
2068
2069
2070
2071

2072
2073
2074
2075
2076
2077
2078
2079
2080

C
C
C

C

0y

e NeNe]

(oo

(oo Ne]

510

600

610

620

630
640

485

661

662

&70

660

4675

TELDAMCIGR, EEL), ELHYS(IGR,IELY)

GO TO 600

CALL RESP (NDF,NIN,¥BAL KPR, BLCIDD),DDISE,DD,YIME, VELE,CT1,DELTA,
TELDAMCIGR, FEL) ,ELHYS{IGR, IELY)

COWTIRUE

SAVE ELEMENT TIME HISTORIES OW TAPE

IF (ISAVE.EQ.0) GO 1O 610
CALL STORE (ITHOUT,30,HF4,2)
CALL STORE (ITHOUT,?5,NF4,2)
MSTH=NSTH+1

CONT INUE

CORRECT FOR QUT OF BALANCE FORCES, ADD DAMPING LOADS

IF (KBAL.EQ.0) GO TO 630
DG 620 K=1,NDF

LL=LM{K}
DCLLY=D(LLY+DDCK)

IF (KST.NE.O) KVARY=IC
CONTINUE

COMPUTE STORY DAMAGE [NDEX

IF(KDAMAGE.LT. 1) &0 TO 990
DO 485 [1=1,NSTORY
STRHYS(11)=0.0
STROAM(I1)=0.0

DO 485 J¢=7,NELGR
STHYS (U, 11)=0.0
STOAM{JJ,11)=0.0

CONT ENUE

DO 660 IGR=1,MELGR

NJ=0

DO 660 I1=1,NSTORY

ISTORY=NSTORY+1-11

IF(ISYH LEQ. 0) GO TO 661

NSYBAY=INT(MBAY/2)

KBAY=NBAY-2*NSYBAY

IF{HBAY.EQ.0) HSYBAY=INT(RIBAY(ISTORY)/2)
TF{NBAY.EQ.0) KBAY=NIBAY(ISTORY)-2*NSYBAY

IF(KBAY .NE. D) NSYBAY=NSYBAY+1

NSBAY=NSYBAY

IF{KBAY .EQ. O .AND. IGR .EQ. 2) NSBAY=NSYBAY+1
GO TO 662

NSBAY=NBAY

IF(IGR .EQ. 2) NSBAY=NBAY+1

IF{NBAY .EQ. D) HSBAY=NIBAY(ISTORY)

IF(NBAY .EQ. 0 .AKD. IGR .EQ. 2) NSBAY=NSBAY+I

DO 670 J=1,NSBAY

Th=J+Hd

STHYS{IGR, ISTORY )=STHYS{IGR, ISTORY Y+ELHYS(IGR,1J)
STDAM(IGR, ISTORY }=SThAM(IGR, ISTORY Y+ELDAM{IGR, [J)
STREYS(ISTORY )=STRHYS{ESTORY }+ELRYSCIGR, 14)
STRDAM(ISTORY y=STROAM( ESTORY y+ELDAMCIGR, 14)
IFCELDAM{IGR,14).52.0.) ELDAM(IGR,14)=0.0
IF(ELDAM{IGR,TJ).NE.0. ) ELDAMCIGR, [J)=ELDAMCIGR, LJY/ELHYSCIGR, I4)
CONTINUE

Md=14

1F(STDAM{IGR, ISTORY}.EQ.0.) STDAM{IGR,ISTORY)=0.0
TF(SYDAM(IGR, ISTORY).NE.D.) STDAM{IGR, ISTORY)=STDAM(IGR, ISTORY)/
18THYS(IGR, [STORY)

CONTINUE

COMPUYTE STORY AND GLOBAL DAMAGE INWDEX

GLHYS=0.0

GLDAM=0.0

bO 675 ISTORY=1,WSTORY
STRDAM(ISTORY)=STRDAM(ISTORY}/STRHYS(ISTORY)
HEIGHT=DFLOAT (MSTORY+1-ISTORY)/DFLOAT(NSTORY)
GLHYS=GLHYS+STRHYS(ISTORY)
GLDAM=GLDAM+STRDAM{ ISTORY Y*WEIGHT

CONTENUE

PRINT DAMAGE INDICES
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RESFOZ53
RESFOZ54
RESPOZSE
RESPOZEG
RESFOZST
RESPOZSE
RESPOZEG
RESPOZE0
RESPOZST
RESPORE?
RESPOZES
RESPOZE4
RESPO265
RESPOZSS
RESPGRGT
RESPO2SE
RESPOZHY
RESPO270
RESPOSTT
RESPOZTA
RESPDITS
RESFGETA
RESPO2TS
RESPO2T6
RESPOZTY
RESPOZTS
RESPO279
RESPOZBO
REZPO281
RESPOZ282
RESPOZES
RESPOZ84
RESPOZ85
RESPOZ86
RESPOZEY7
RESPOZES
RESPOZED
RE&POZ90
RESPOZ91
RESPO292
RESPOZ93
RESPOZ29%4
RESPO29S
RESFOZ296
RESPOZ9?
RESFOZ98
RESFO299
RESPO300
RESPO301
RESPO302
RESPO303
RESPU304
RESPO305
RESPO306
RESPO307
RESPO308
RESPOBOG
REEPO310
RESPO31T1
RESPO312
RESP0313
RESPO314
RESPO315
RESPU316
RESPC317
RESPO318
RESPO319
RESPO3Z0
RESPO321
RESPO322
RESPO3Z3
RESPO324
RESPORZS
RESPO326
RESPO3ZY
RESPO328
RE3PO329
RESPO330
RESPD331
RESPO332
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2081 IFCKDAMAGE.LT. 1) €0 TO 990 RESPO3ES
2082 EI=DFLOAY (1STEP-1) RESPO334
2083 REM1=DMOD (E1,DFLOAT (KMSKIP)) RESFU335
208% REM2=DMOD (E1,DFLUAT (MSSKIP) ) RESPO336
2085 REMZ=DMOD(E] , DFLOAT{NGSKIP)) RESPO337
2086 C RESPUS3E
2087 ¢ PRINT STORY DAMAGE IHDEX IN FILE ({FORDZO.DAT) RESPO339
2088 C RESPO3L0
2089 IFCISTEP.EQ. 1) WRITE(2D, 700} RESPOZ41T
2090 700 FORMAT(////15K, F#*¥%¢  SUMMARY OF DAMAGE INDEX wwwwsr) RESPO342
2091 ¢ RESFOB43
2092 IF{ISTEP .EQ. NSTEPS) GO TO 715 RESPO344
2003 IFCLTDAM LT.1 .OR. [STEP .E@. 1) G0 0 990 RESPOTLS
2094 IF(REMT,HE.D.) GO 7O 810 RESPO3AG
2095 715 WRITE(20,710) TIME RESPO%47
2096 710 FORMAT(//2X,' AT TiME =/ F7.3) RESPO34S
2097 WRITE(20,720) RESPO34Y
2098 720 FORMAT(//10X, **% ELEMENT DAMAGE INDEX #w#1) RESPO3S0
2099 ¢ RESPOAE
2100 IEL=0 RESPOZ52
2101 NEEL=0 RESPO3S3
2102 HEL=0 RESPO3S4
2103 DG 740 11=1,HSTORY RESPO355
2104 ISTORY=NSTORY+1- 11 RESPO3SE
2105 WRITE(20,750) 1$TORY RESPO357
2106 750 FORMAT(/2X,?FOR STORY =7,15/) RESPO35S
2107 ¢ RESPG35S
2108 IFCISYM LEG. G) GO TO 761 RESPO360
2109 IFCNBAY.ER.G) NSYBAY=INT(NIBAY(ISTORY)/2) RESPO361
2110 IF(MBAY.NE.O) NSYBAY=INT(NBAY/2) RESPU362
2111 KBAY=NBAY-2*NSYBAY RESPO363
2112 IF(MBAY,EQ.0) KBAY=NIBAY(ISTORY)-2*HSYBAY RESEO364
2113 IF(KBAY .NE. D) NSYBAY=NSYBAY+1 RESPO365
2114 KSBAY=NSYBAY RESPO366
2115 GO TQ 762 RESPOB67
2116 761 NSBAY=NBAY RESPOA68
2117 IF(NBAY .EQ. 0) HSBAY=NIBAY(ISTORY) RESPUSH9
2118 ¢ RESPO370
2119 762 IEL=NEEL+1 RESPO37T
2120 NEEL=EL+NSBAY-1 RESPUST2
2121 DO 740 1GR=1,NELGR RESPO3TS
2122 ¢ RESPO374
2123 IFCIGR .EQ. 1} G0 TO 767 RESFOB75
2126 IFCISYN.NE,O AND, KBAY.NE.O) GO TO 767 RESPO3ZT6
2125 763 1FCISYM .EG, 0) GO TO 764 RESPOB?7
2126 IFCKBAY .EQ, 0) NSBAY=WSYBAY+1 RESPO378
2127 GO TO 765 RESPO379
2128 754 NSBAY=NBAY+1 RESPO380
2129 IF(NBAY .EQ. 0) MSBAY=NIBAY(ISTORY)+1 RESPG381
2130 765 TEL=HEL+1 RESPUTSA2
2131 NEL=1EL+NSBAY-1 RESP0383
2132 WRITE(26,772) (1,1=1EL,NEL) RESPO384
2133 WRITE(20,775) (ELDAM(Z, 1), I=IEL,NEL) RESPO385
2134 GO TO 740 RESPO386
2135 767 IFCIGR .EQ. 1) WRITEC20,771) (I,I=IEL,NEEL) RESPOZS7
2136 IFCIGR .EQ. 2) WRITE(20,772) (I,I=1EL,NEEL) RESPO388
2137 WRITE(20,785) (ELDAM{IGR,I},i=1EL,NEEL) RESFUSES
2138 740 CONTINUE RESFO390
2139 771 FORMAT(SX,! BEAH NO f,8(5X,13,2%)) RESPO3D1
2140 772 FORMAT(SX,! COLUMN WO B(5X,13,2X)) RESPO392
2141 775 FORMAT(SX,! DAMAGE ¢ ,8¢F10.4)/) RESPO3F3
2142 785 FORMAT(5X,’ DAMAGE ' B(F10.4)) RESPO3Q4
2143 IFCISTEP .£Q. MSTEPS) 6O TG 815 RESPO395
2146 C RESPOIO6
2145 810 1F(REMT .WE, O. .AND. REM2 .NE. 0.) GO TO 910 RESPO3ST
2146 815 WRITE(20,820) RESPOIOS
2147 820 FORMAT(//2X,'*** STORY DAMAGE INDEX  wwwr RESPOZO9
2148 17/40%, 'FLODRY 9%, ' BEAM  * 9X,7 COLUMN /,9X,' STORY ‘/) RESP{4900
2149 DO 830 1I=1,NSTORY RESPO4OT
2150 ISTORY=NSTORY+1-11 RESPU402
2151 830 WRITE(20,840) ISTORY,(STDAM(J,ISTORY),J=1,2), STROAM(ISTORY) RESPO403
2152 840 FORMAT(BX,T5,11X,F9.5,9%,F9.5,9%,F9.5) RESPO404
2153 IFCISTEP .EQ. NSTEPS) GO 70 915 RESPOA0S
2154 ¢ RESPO406
2155 910 IF(REM1 .NE, 0. .AND. REMZ .NE. 0. .AND. REM3 _NE. G.) GO TO 990 RESPU407
2156 915 WRITE(20,920) GLDAM RESPO4LOS
2157 920 FORMAT(///8X,’GLOBAL DAMAGE = /,F10.5) RESPO409
2158 ¢ RESPQ410
2159 990 IF (KNTJ.EQ.IPJ) KNTJ=0 RESPO411
2160 IF (KNTE.EQ.IPE) KNTE=0 RESPO412
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2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202

O o

[ Xw]
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[F (MBLOK.EQ.1} 60 TC 995 RESPO4LIE
CALL STORE (BL,HAVST,NF2,2) RESPO4 14
REWIND HF1 RESFD4IS
REWIND HWFZ2 RESPOLTE
NF=NF1] RESPOLTT
HFi=NF2 RESPO41E
HF2=NF EESPOLTS
RESPC4L20
995 RETURN RESPO4ZT
END RESPOL22
SUBROUTINE CUTEND (BL,TAD,DISENP,DISENN,TI®ENP, TIKENN, ID,NJTS) CUTEN 1
IMPLICIT REAL*B{A-H,0-Z) OUTEN 2
CUTEW 3
CUTPUT DISPLACEMERT ANWD FORCE ENVELOPES OUTER 4
CUTEN %
CUTEN 6
COMMOMN/CONTR/ RELGR,NEQ,MBAND,NPTH,NPTV,NSTO, JCOL  HSTORY  NBAY GUTEN 7
COMMOMN/GERINF/KCONTC10)  KELEM{TO Y, NELEM(TD), NIHF(10) , RDOF(10) OUTEN 8
1 LFCOMTC3)  HUMENM{10) OUTEN 9
COMMON/PASS/ TGR,ISTEP,NSTEPS,KVARY  HBLOK ,KSTAT,KDDS, KM, IEAR , HEAR, OUTEN 10
1 KEYH, KSYHD OUTEN 11
COMMON/STOR/ MAVST NF1,NF2,NF3, NF4 HTST,KODST KDATA DUTER 12
COMMON/DAMP/ ALPHA BETA, DT, GAXCTE, CON1,CONZ, CON3, CON4 , CONS, OUTEN 13
1 C1,02,03,04,05,06,£7,C8,09,010,C11,C%12,BETAD, DELTA  QUTEN 14
COMMON/AUTO/KAUTO, KALUTOD  KECG, KECOD, NDSGN, NDSGRD , KFREQ, KFREQD, CUTEKR 15
1 DBALL ,DCALL DBSTD, CONC,STEEL, IECO, BMAVG, BMDEV, ICONY QUTEK 16
OUTEK 17
DIMENSION BL(?),IAD(E),DISENP(1),DISENE(E),TIMENP(?),TIMENN(?), OUTEK 18
1 IDCHITS, 1) QUTEN 19
OUTEN 20
DISPLACEMENTS OUTEN 21
OUTEN 22
TIME=DT*FLOATCISTEP) OUTEH 23
PRINT 10, TIME QUTER 24
10 FORMAT (37HTHODAL DISPLACEMENT ENVELOPES, TIME =F8.3/// OUTEK 25
1 18X, 15HX-DISPLACEMENT , 224, 15HY-DISPLACEMENT ; eBX, QUTEK 26
2 SHROTATION / OUTEW 27
3 8H MODE , 3(BHPOSITIVE, 3X, GHTIME, 3X, BHNEGATIVE, 3X, OUTEK 28
4 LHTIME, 6X) / ) QUTER 29
DO 20 I=1,MJTS QUTER 30
PE=ID(E, 1) QUTER 31
LJ=ID¢E,2) OUTEN 32
[K=ID(E,3) OUTEW 33

2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2024
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240

(]

20 PRINT 30, I,DISENPCEII), TIMENP(IT),DISEMKCIT), TIMENNCIT),DISENPCIJIOUTER 34
T, TIMENPCIJ) , DISERNCEL), TIMENNCI ), DISENPCIK), TIMENPCIKY , DISENNCIK)OUTEN 35

2, TIMENNCIKD

30 FORMAT(IS,2(F%1.3,F7.2,F11.3,F7.2,3%),2(F11.5,F7.2))

[F{KAUTO.EQ.1) GO TO 175
ELEMENT FORCES, ETL.

1¢=90
DO 160 1GR=1%, NELGR

PRIKT 40, 1GR,TIME

40 FORMAT(B3HIRESULTS ENVELOPES, ELEMENT GROUP,I3,7H TIME =F8.3//)

KEL=KELEM(IGR)
REL=RELEM(IGR)
RIN=NINF(ICGR)

DO 160 IEL=T,MEL

1C=1C+1

100=1ABCIC)

IF (NBLOK.EQ.1} GO TO 50

JF (iDD.EG.1} CALL STORE (BL,MAVST,NF1,1)

50 GO TO (60,703, KEL
&0 CALL OUT ¢BL{IDD},NIN,IC)
GO 70 160
70 CALL OUT (BLCIDD),NIN,IC)
160 COMT {HUE
REWIND NE1

175 RETURK
END

OUTEN 36
OUTEN 37
QUTEN 38
OUTEN 39
OUTEN 40
DUTEN 41
CUTEN 42
QUTEN 43
OUTEN 44
ouTEW 45
OUTEH 46
CUTEN 47
CUTEN 48
CUTEH 49
OUTEN 50
CUTEH 51
OUTEN 52
QUTEN 53
CUTEN %4
QUTEN 55
QUTEN 36
QUTEN 57
OUTEN 58
OUTEN 59
OUTER 60
OUTEN &1
OUTER 62
QUTER 63
OUTEN 64
QUTEN 65

SUBROUTINE OUTDAM (BL,IAD,ID, NJTS, NOKE KELG,NELN,STDAM, STRDAM,NOD, OUTDA

1DDAKY
IMPLICIT REAL®*B(A-H,0-2)

OUTPUT DAMAGEINDICES
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1
ouThA 2
QUTDA 3
QUTDA &
OUTDA 5
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2241 ¢ OUTDA
22642 COMMON/CONTR/ HELGR,NEG,MBAND, NPTH, NPTV, NSTO, JCOL, NSTORY, NBAY TUTDA
2243 COBMON /GEN INF /XTONT(10) , KELEM(10), NELEMCT0), HINFC10), NDDFC10) UTDA
PR i LFCONT(33,NUHEH(10) OUTDA
2245 COMMON/PASS/ 1GR, ISTEP, NSTEPS, KVARY, HBLOK, KSTAT,KDDS, KM, IDUM(Z), OUTDA
2246 i I5YH, [SYHD OUTDA
2247 COMMON/STOR/ NAVST,NF1,H¥2,NF3, N4, NTST,KODST, KDATA CUTDA
2748 COMMON/DAMP/ ALPHA,BETA,DT,GAXCTE,CONT, CONZ, CONS, COM4 , COMS OUTDA
2249 i ¢1,02,03,04,65,06,C7,C8,C9,C10,011,C12,BETAO, DELTA  OUTDA
2250 COMMON /WORK/POUT (1600} OUTDA
2251 COMMOM/DAMAGE /XDAMAGE , I TDAR, KIDAMT, NNSKIP, NSSKIP, HGSKEP,GLHYS,  OUTDA
2252 1GLDAM GUTDA
2053 COMMON/AUTO/KAUTO, KAUTOD , KECO, KECOD , NDSGN, NDSGHD , KFREQ, KFREGD,  CUTDA
2254  DBALL,DCALL,DBSTD,CONC, STEEL , JECO, BMAVG, BMDEV, ECONV CUTDA
2255 € UTDA
2056 DIMENSION BL(1),IAD(1), ID(NJTS, t),DDAMCNOKE, 1) QUTDA
2257 DIMERSION STDAM{NELG,1),STRDAMCT),NODCT) CUTDA
2258 C QUTDA
2259 DAMAGE INDICES QUTDA 7
2266 C DUTDA
2261 TIME=DT*DFLOAT (I STEP) LAITDA
2262 1c=0 OUTDA
2263 PRINT 40, TIME OUTDA 2
26k 40 FORMAT(20H1NODAL DAMAGE INDICES,7H TINE =F8.3//3 OUTDA
TP65 DO 160 [GR=1,NELGR TUTDA
2266 G OUTDA
2267 KEL=KELEM(IGR) OUTDA
7268 NEL=NELEM{ [4R) OUTDA
2269 HIN=MINF¢IGR) DLTDA
w2 C OUTDA
2271 0O 160 IEL=T,NEL OUTDA
22T IC=1C+1 OUTDA
2473 1DD=1AD{1C) OUTDA
2274 IF (NBLOK.EQ.1) GO 1O 50 OUTDA
2275 IF (IDD.EQ.1) CALL STORE (BL,NAVST,NF1,T) DUTDA
2276 ¢ OUTDA
2277 50 GO TO ¢50,70), KEL OUTDA
2278 60 CALL OUTD (BLCIDDY,NIN,IC,NGKE,NELN,NOD,DDAM) OUTDA
2279 G0 TO 160 OUTDA
2280 70 CALL OUTD {BLCIDD),NIN,IC,MGKE,NELN,NOD,DDAM) DUTDA
2281 166 CONTINUE OUTDA
2282 ¢ OUTDA
2083 PRINT 820 OUTDA
2284 820 FORMAT(//2X,'*** STORY DAMAGE INDEX %%/, OUTDA
2285 1//10%, *FLOCRY,9X, ! BEAM ¢ 9%, COLUMN /,9%,f STORY /) OUTDA
2086 DO 830 II=1,NSTORY DUTDA
2287 ISYORY=NSTORY+1-11 OUTDA
2288 830 PRINT 840, ISTORY,(SIDAM(J,ISTDRY),J=1,2),STRDAM(ISTORY) OUTDA
2289 840 FORMAT(BX,15,11X,F9.5,9%,F9.5,9%, F9.5) OUTDA
2296 ¢ OUTDA ¢
2891 PRINT 920, GLDAM OUTDHA
2292 920 FORMAT(///8X, GLOBAL DAMAGE = /,F10.5) OUTDA
2293 ¢ BUTDA
2294 REWIND NF1 OUTDA
2295 ¢ DUTDA
2296 RETURN OUTDA
2297 END OUTDA
2298 SUBROUTINE OUTD (COMS,KINFC, IC,HNQKE,NELN,NOD,DDAM) oUTD
2299 IMPLICIT REAL*B(A-H,0-2) ouTD
2300 ¢ ouTD
2301 COMMON/ INFEL/ IMEM, [MEMD  KST,KSTD,LM(6),LMD(6),KGEOM, KGEOMD,PSH,  GUTD
2302 1 KHYST,KHYSTD,FL,COSA,STNA, FAL,AC2,6),ST(2,2),ECCC4), ouTD
2303 2 KODY(2),X1¢2),Q(2),ALPHAP(2,2),E1(5,2,2},PHF(2,2),PHY(2,2), COUTD
2304 3 PHU(R,2),PHI(2),FM1(2,2),PH1(2,2), FMx(2,2),PHX(2,2),FHp(2,2}, OUTD
2305 4 PHP(2,2),PHr(2,2),RD3{2,2),RD4(2,2),RD5¢2,2), FMxM(Z, 2}, ouTD
2306 5 PHXM(2,2),BMIY(2,2),BHEP(2)},HYS(2),PPH1(2,2},BMNP, PHMX, ouTh
2307 4 BMTOT(2),SFTOT(2),FTOT(2),PRTOT(2),SENP(B), SENN(RY, TENP(B), OUTD
2308 7 TENN(8),PRACP(2),PRACN(2),SDACT(3),NODI,NODJ,DUM(3),DAM(Z)Y, OUTD
2309 B REST(22) oUTD
2310 COMMON/PASS/IGR, ISTEP  NSTEPS, KVARY , NBLOK, KSTAT,KDDS, KM, IEAR, NEAR, OUTD
2311 1 ISYM, ISYHD ouTD
2312 COMPON /DAMAGE /KDAMAGE , TTDAM, KIDAMT , NNSKIP,NSSKIP, NGSKIP,GLHYS,  OUTD
2313 1GLDAM oUTD
2314 COMBON /AUTO/KAUTO, KAUTOD , KECO, KECOD , NDSGN, NDSGND , KFREQ, KFREGD,  OUTD
2315 1 DBALL,DCALL,DBSTD,EONC, STEEL, IECO, BMAVG, BMDEY, ICONY ouTD
2316 ¢C ouTD
2317 DIMENSION COM(1),COMS(1) ouTD
2318 EQUIVALENCE ( IMEM,COM(1)) ouTD
2319 ¢© auTD
2320 DIMENSION NOD(1),DDAMCHQKE, 1) ouTD
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2321
2322
2323
2324
2323
326
2327
2528
2529
£530
2331
2332
£333
£334
2335
2536
2337
2338
339
2340
2361
232
2343
2344
2345
2546
2347
7348
&349
2350
€351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2569
2370
2371
2372
2373
2374
2375
2376
2377
2378
2379
2380
25381
2382
2383
2384
2385
2386
2587
2388
25389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400

[ o)

(]

(g}

1o

40 FORMAT(//4BH DAMAGE IMDICES FOR BEAM COLUMMN ELEMENT : GROUP L4115/
THELEMEWT, 64 NODE ,6H NODE ,18H DAMAGE INDICES

9

FINAL ENVELOPE OUTPUT, BEAM COLUMN ELEMENTS

DO 10 J=1,KIKFC
COM{J2=COMS(J)

CUTPUT FOR DAMAGE TMDICES

IFCIMEM.ER. T} PRINT 40, IGR

2 HOHO. .68 MO ,6H NO ,18H AT I

50

1Y ,DBAVG,DCAVG,DEDIF ,PDEDIF, ICOR, I 1THK, IECHK,N0D,DD1,DD2)

1

1

1

PRINT 50, IMEM,NODI,DAM(1T},NODJ,DAM{2)
FORMAT (14,2016, 1%, F7.4,2X))

DATA FOR STATISITEC DAMAGE INDICES

11C=2%([C-1)+1
DOAMETEAR, [1C)=DAMCT)
DOAMC LEAR, T1CH1 y=DAM(Z)
NODETIC 3=N0D]
NOD{I1C+T)=NaD

RETURN
END

AT J

of
e

ouTH
CUTD
GUTD
oUTD
TD
alTh
QUTD
GUTD
QUTD
QUTD
ouTD
ouTR
oTE
QUTD
CTD
CLITD
GUTD
aTD
cUTD
CUTD
auTn
GUTD
GITD
AJTD
GUTD
QuTD

SUBROUTIME DSTATIS (X,Y,NJTS,NELTOT,ICHK, IDSGN, HQKE  NELK,DDAM, NIBADSTAT

IMPLICIT REAL*8(A-H,0-2)

COMMON/GENINF/KCOKT (103, KELEM(T0) , NELEMC10) , KIKF(10) , NBOF(10)

o, FCONT(3), NUMEM{T0)

COMMON/CONTR/ NELGR,NEQ,MBAND ,NPTH,NPTV,NSTO, JCOL ,NSTORY ,NBAY
COMMON/PASS/IGR, ISTEP  NSTEPS, KVARY  NBLOK,KSTAT,KDDS, KM, IEAR, NEAR,

ISYM, ISYMD

COMMON /DAMAGE /KDAMAGE , ITDAM, KIDAMT ,NNSKIP , NSSKIP, KGSKIP, GLHYS,

GLBAM

COMMON/AUTO/KAUTO, KAUTOD  KECO, KECOD , KDSGH , NDSGND , KFREQ, KFREGD,

1 DBALL ,DCALL,DBSTD, CONC,STEEL, IECO, BMAVG, BMDEY, 1CONY

14

72
70
1

DIMEMSION X(1),Y(1),DD1¢1),DD2¢1),DDAMCNGKE, 1), NI1BAY(1),DBAVG(1),
1DCAVGC13,DEDIF(1),PDEDIFCT), TCORCT), ITCHKC 1), TECHKCTY, NOD(CT)

WRITE ALL DAMAGE INDICES ON FIL/DAMAGE.DAT’ FOR PLOYTING

1CHK=0

NEQGK=TABS(NEAR)
WRITEC33, %) NEQK
WRITE(S3,*) MJTS,NELTOT
WRITE{34,*) NEQK
WRITE(34,%) NJTS,NELTOT
DO 10 I=1,H4TS
WRITEC33,*) X(I1),Y(D)
WRITE(34,™) X(1),¥¢D)

DO 11 I=1,NELTOT
IF{ICORCI).EQ.T) PDEDIECE)=DEDIF(I}
CONTINUE

PRINT 60
FORMAT(///30H1STATISTICS FOR DAMAGE INDICES///)

Jé=0

NB1=0

KB2=0

DBMEAK=0.0

DSUM1=0,0

DSUM2=0.0

1F(iSYM .EQ. 0} GO 10 14
NSYBAY=NBAY/2
KBAY=NBAY - 2Z¥NSYBAY

IFCKBAY .NE. D) HSYBAY=NSYBAY+1T
50 15 1GR=1,NELGR

IF(IGR .EQ. 1} GO TO 72

IF(ISYM .£Q. 0} NUCOL=NUMEM(IGR)-HBAY

IFCISYM JHNE. O .AND. KBAY .EQ. 0) HUCOL=MUMEM({IGR)-NSYBAY-1
IF(iISYM .NE. O .AND. KBAY .NE. 0} NUCOL=NUMEM(IGR)-HSYBAY

PRINT 70, I4R
FORMAT(30H BEAM COLUMN ELEMENTS GROUP IR/
&H ELEM ,6H NODE ,6H NODE ,1X,108 KO. OF

B-30

féxl

DETAT
DETAT
DSTAT
DBTAT
DETAT
DETAT
DETAT
BSTAT
DSTAT
DSTAT
DSTAT
DETAT
DSTAT
DETAT
DSTAT
DETAT
DSTAY
DSTAT
DETAT
DSTAT
DSTAT
DETAT

DETAT ¢
DSTAT
DSTAT &

DSTAT
DETAT

DSTAT ¢
DSTAT :

DETAY

DESTAT

DETAY
DETAY
DSTAT

DSTAT

DSTAT
DETAT
DETAT
DETAT
DETAT
DSTAT
DSTAT
DSTAT
DSTAT
DETAT
DETAT
DETAT
DETAT
DSTAT
DSTAT
DSTAT
DSTAT
DSTAT

37
38
39
40
41
42
43
b4
45
46
47
L8
49
50
51
52
53
34
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2401
202
2403
2404
#4605
£406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2616
2617
2418
2639
2620
2421
26ee
2443
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2635
2436
2437
2438
24359
4440
2441
2442
2443
2hb44
2645
2646
2647
2448
2449
2450
2431
2452
2453
2454
2455
2L56
2457
2458
24359
2460
2461
2462
2463
24664
2465
2468
2467
2468
2469
2470
2471
2472
2473
2674
2475
2676
2477
2678
2479
2480

[ ]

(]

O U3~ LY )

31

30

20

21

22
15

80
85

71

124 MEAN VALUE,4X,120 STAND DEV ,4),17H VARIAMCE ,4X,
T2H MAXIMUM L 4X, 120 MINIMUM ./

64 MO. 6H MO L6H ND 17X, IOHEARTHQUAKE,2X, -

12H AT T AT J 4%, 12H AT 1 AT J 4,120 AT 1 AT J ,6X,
T2H AT 1 AT 0 43, 12H AT 1 AT 4 /3

DO 20 IEL=1,NUMEMEIGRY

IFCIGR .EQ. 23 &0 TO 34

LRER=1

IFCISYM.GT.0 .AND. KBAY.NE.O) IREM=IEL-NSYBAY®*(IEL/NSYBAY)
TFCISYM.LT.0 LAKD. KBAY .NE.O) [IEL=CIEL-13/NSYBAY
TFCISYM.LT.O LAND. EBAY.NE.U) [REM=IEL-1-NSYBAY*IIEL
dl=de

DO 30 K=1,REGK

DB CIO=DDAMCK, Jd-1)

DDZ{KI=DDARLK, JJ)

CALL STATICCODT,REQK,DAVG],DVART,DSTDT DMXT,DMNT)

CALL STATICCDDZ,HEQK,DAVGZ,DVARZ,DSTDZ ,DHX2 , DMNE2)
WRITEC33,85) IGR,NOD{JJ-1},DAVET,KODCJJ),DAVE2

PRINT 80, LEL,NODCJJ-1),HODCJJS,NEQK, DAVGT,DAVGZ,DSTDT,
1DSTD2,DVART,DVARZ, DMXT , DMX2 , Dih 1, DMN2

IFCIGR.EQ. T .AND. IREM.EQ.0} DBAVGCIEL)I=DAYGI
IF¢IGR.EQ.T (AND. IREM.EG.1) DBAVGCIEL)=(DAVGI4DAVGZ2)/2.D0
IFCIGR.EQ.2 LAND. IEL.LT.NUCOL) DCAYG(IEL}=DMAYT(DAVGT,DAVED)
IFCIGR.EQ.2 .AND. IEL.GE.NUCOL) DCAVGCIEL 3=DAVGI
TFCIGR.EQ.2) DEDIFCIEL+HUMEMC ] GRYY=DCAYG(IEL)

TFCIGR .EQ. 1) THEM

DSUMT=DSUMT+DAYG 172

DSUMZ=DEUMZ+DAVGR#*2

NB1=NBT+1

NB2=HBZ+1

TF{IREM.EQ.0 .AND. ISYM.GT.0) NBZ2=NR2-1

IFCIREM.EQ.0 .AND. ISYM.LT.D) HB1=NB1-1
DBHEAH=DAVGT+IAVGZ+DBMEAN

ENDIF

CONTINUE

IFQIGR .EQ. 2) GO TO 15

DBMEAN=DBMEAN/ (NB1+N82)
DEVAR=(DSUMT+BSUMZ ) /(NBT+NB2) - DBMEAN2

DBSTD=DSART (DBVAR)

DIFF=DABS(BMAVG-DBEMEAN)

RO 21 I=%, HUMEM{IGR)

DEDIFLIY=DBAVG( ] ) -BMAVG

CONT INUE

IF(DIFF.LE.BMDEVY) GO TO 22
GG TO 15

1CONV=1

CONT INUE
FORMAT(14, 216,44, 15,5%,5(2(F7.4, 1300
FORMAT(I3,2(15,24,F7.4))

PRINT STATISTICS FOR BEAM DAMAGE INDICES
PRINT 71

FORMAT(///35H1STATISTICS FOR BEAM DAMAGE IWDICES///)
PRINT 74

DEYAT 55
DETAT 5

DETAT 5

DYTAT 58
DETAT 59
BETAT 6l
DSTAT &1
BETAT &
BETAT &3
DETAT &4
DSTAT &5
DETAT &6
DETAT &7
DETAT &8
DETAY &9
DETAT 70
DETAT 71
DETAT 72
DETAT 73
DETAT 74
DETAY 75
DETAT 76
DEYAY V7
DETAY 78
DETAT 79
DSTAT 80
DETAT 81
DETAT &2
DETAT 83
DSTAT 84
DSTAT 85
DSTAT 86
DSTAT 87
DETAT 88
DSTAT &9
DSTAT 90
DETAT 91
DSTAT 92
DSTAT 93
DSTAT 94
DSTAT 95
DSTAT 96
DSTAT 97
DETAT 98
DETAT 99
DETATI00
DETATIOE
DETATI0Z
DETATIO3
DSTATI04
DETATI05
DSTAT1GE
DSTATIGY
DETATI08
DSTATI0O
DETAT110
DETATTT
DETAT112

74 FORMAT(3X,/ELEMENT MO.7,4X,717 8K,727,8%, 737 8K, 747 8X,757,8X, 767 DSTAT113

73

18X, # 77 ,BX, 18! /)

HBM=HUMEM( T}

PRINT 73, (MODCZ*NJ-1),NOD(Z*NJY,NJI=1,NBM),

1(DBAVGCIEL), 1EL=1,NBM), (DEDIF(IELY, IEL=1,NBM) ,DBMEAK ,DBESTD

DETAT114
DSTAT115
DSTAT116
DETATII7

FORMAT(3X, 'NODE 1 / 47, 14,777, 1%,3%, 14,9/, 11,3%, 14,7/, 11,3X, 14,DSTAT 118

TOFr T, 3%, 04,077 11, 3K, 16,0 77  10,3X, T4, 779, 12,2X, 14,7 /1, 12,20/
23X, 7 DAMAGE ¢, TX,B(FB.&,1X)/

33X, 'DIFFERENCE /,1X,8(F8.4,1%)//

410X, 'AVERAGE VALUE = /,FB.4, TOX,/STANDARD DEVIATION = /,FB.5)

CHECK ELEMENT DAMAGE INDICES FOR ALLOWABLE DAMAGE VALUES

NNEL=0

DO 40 IGR=1,NELGR

PO 41 PEL=1,NUMEM(IGR}

IM=TEL+NNEL

1COR{ i¥4)=0

TICHK{1¥)=0

TF{ICONY JEQ. 0} GO TO 42

TFCIGR.EQ.T JAND. DABS{DEDIF(IM)).LE.DBALL) GO TO 41
IF(IGR.EQ.2 AND. DCAVG({IEL).LE.DCALL} GO TO 4%

B-31

DSTAT119
DSTATIZ20
DSTATIZ]
DETATIZZ
DETAY123
DSTAT124
DSTAT1E5
DETATIZE
DSTATIE?
DSTAT1Z8
DETATT29
DSTATIS0
DSTAT131
DSTATIEZ
DSTAT133
DETAT134
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2481 42 TECHKC M) =TECHKC IM)+1T DSTAT135
2482 FCHE=1 DSTAT136
D4LE3 FCORCEM)=1 DETAT137
2484 IFCIECHKCIMY LEQ. 1) TICHKCIM)=1 DSTAT138
2485 41 COMTINUE DETATI39
2486 NMEL =HNEL+NUMEM{ 16R) DETATI40
PLRT 40 COMTINUE DETAT141
7488 IFCIDSGH .GE. HDSGN) [CHK=0 DSTAT 142
248 DSTAT143
7450 WRITE(33,200) DS DSTAT 164
291 © DSTAT145
492 C PLOTTING ALL THE DATA OF DAMAGE INDICES ON FILE ’DAMAGE.DAT DETAT146
49%  C DETATI4T
2694 DO 140 T=1,NEGK DYTAT148
2495 KK=0 DSTAT149
2456 WRITE(34,%) | DETAT150
2497 BO 150 J=1,NELGR DETAT151
24698 PO 150 K=1,NUMEM{J} DSTAT152
24699 KK=KK+2 DSTAE153
2500 WRITE(34,85) J,HODCKI-13,DDAMCT ,KK-13, HOD (KK, DDAM( T, KK) DSTAT154
7501 150 CONTINUE DSTAT155
2502 140 WRITE(34,200) DS BSTATI56
2503 200 FORMAT(F10.4) DSTATIS7
2504 © BSTATI53
2505 RETURN DSTATISO
2506 END DSTATI60
2507 SUBROUTINE STATIC(DD,N,DAVG,DVAR,DSTD,DMY,DMI} STATI 1
2508 IMPLICIT REAL*BCA-H,0-Z) STATI 2
2509 DIMENSION DDCT3,DIFCT) STATI 3
2510 ¢ STATI &
2511 ¢ COMPUTE STATISTIC VALUES FOR DAMAGE INDICES STATI 5
512 ¢ STATI 6
2513 € eeeee DAVG=MEAN VALUE OF DAMAGE IMDICES AT EACH NODE STATL 7
516 € eeess DSUM =SUM OF DAMAGE [NDICES AT EACH NODE STATI 8
2515 € - DVAR =VARIANCE AT EACH NODE STATI 9
2516 € swees BSTD =STANDARD DEVIATION AT EACH NODE STATI 10
2517 © STATI 11
2518 ER=DFLOAT(N) STATI 12
2519 DAVG=0.DD STATI 13
2520 BSUM=0.50 STATL 14
2521 BMX=DD(1) STATI 15
2502 DME=DD(1 ) STATI 16
7523 BO 10 1=1,N STATI 17
2524 DAVG=DAVGHDD{L) STATI 18
2525 DMX=DMAXT (DD (L), DM} STATI 19
2526 DHI=DMINT (DD(1),DHMI) STATI 20
2527 10 DSUM=DSUM+DD{{ }**2 STATI 29
7528 DAVG=DAVG/EN STAT! 22
2529 DVAR=DSUM/EN-DAVG**2 STATY 23
2530 IFCDVAR .LT. 0.50) DVAR=0.DO STATI 24
2531 DSTR=DSART(DVAR) STAT! 25
2532 ¢ STATI 26
2533 BO 20 1=1,8 STATI 27
2534 DIFCI)=DD(])-BAYG STATI 28
7535 20 CONTINUE STATI 29
2536 RETURK STATL 30
2537 EHD STATI 31
2538 SUBROUTINE THPRJ (LH,LV,LR,NF7} THPRJ 1
2539 IMPLICIT REAL®BLA-H,0-2) THRRS 2
2540 ¢ THPRJ 3
2541 COMMON /OUTH/ 1PJ,1PE,KNTJ,KNTE,NHOUT , MVOUT, NROUT THPRY &
2542 COMMON /THISTJ/ ITHPJ,NF5,HSTHJ,18d THRRJ 5
25463 C THPRY 6
2544, DIMENSION LH(1), LV(%), LRCE) THPRY 7
2545 DIKENSION THJD(200) THPRJ 8
2546 € THRRY 9
2547 C OUTPUT RECRGAMISED JOINT DISPLACEMENT TIME HISTORIES THPRJ 10
548 ¢ THERY 11
2549 HTP=0 THPRJ 12
2550 IF (NHOUT.GT.0) NTP=NTP+1 THPRJ 13
2551 IF (NVOUT.GT.0) NTPSNTP+1 THPR 14
2552 IF (HROUT,GT.0} NTP=NTP+1 THPRY 15
2553 NSTHJENSTHI/NTP THPRJ 16
2554 NSKJ=NTP-1 THPRJ 17
2555 NSK1P=0 THPRJ 18
2556 IF (NHOUT.EQ.0) GO TO $0 THPRY 19
2557 NON=NHOUT+1 THPRY 20
2558 H2=0 THPRYS 21
2559 10 N1=2+1 THPRY 22
2560 NZ=pT4D THPRY 23

B~32
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2561
2562
2563
2564,
2565
2566
567
7568
2569
2570
2571

7572
2573
2574
2575
2576
2577
2578
2579
2580
2581

2582
2583
7584
2585
2586
2587
2585
2589
2590
2591

2592
2593
2594,
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611

2612
2613
2614
2615
2616
2617
2618
2619
2620
2621

2622
2623
2624
2625
2626
2627
2628
2629
2630
2631

2632
2633
2634
2635
2636
2637
2638
2639
2640

T {MHOUT.LT.N2) NZ=NHOUT
REWIND NES

DO 80 NS=1,NSTHJ

CALL STORE (THJD,NOM,NF5,1)
IF (NS.G7.1) GO TO 40

PRINT 20, (LH(IY,I=H1,H2)

THPRG 24
THPRJI 25
THPRS #6
THPRG 27
THPRJ 28
THPRJ 29

20 FORMAT (42HTTIME HISTORY OF X-DISPLACEMEMTS AT MODES,//13H HODTHPRJ 30

1E MO., 10110} THPRJ 31
PRINT 30 THPRJ 32

30 FORMAT (OHO  TIME: THPRJ 33
40 PRINT 50, THJDCNON),(THJDCIY, I=HT,N2) THPRJ 34
50 FORMAT (1%,FB.3,6X,10F10.3) THPRY 35
IF ¢I5J.EG.0) GO TO 60 THPR 26
WRITE (99,50) THJD(NON), (THJDCIY, I=¥1,82) THPRS 37

60 COMTINUE THPRJ 38
IF (NS.EQ.HSTHJ.OR.NSKJ.EQ.0Y GO TO 80 THERJ 39

DO 70 H=1,NSKd THPRE 40

70 READ (NFS) THPRS 41
80 CONTINUE THPRY 42
IF {N2.LT.NHOUT) GG TO 10 THPRY 43
NSKIP=NSKIP+1 THPRJ 44

90 IF (HYOUT.EQ.0) GO TG 180 THRRJ 45
NON=NVOUT+1 THPRJ 46
H2=0 THPRJ 47

100 N1=HZ+1 THPRJ 48
N2=H149 THPRJ 49

IF {NVOUT.LT.N2) M2=NVOUT THPRJ 50
REWIND NF5 THPRJ 51

IF (NSKIP.EG.G) GD TO 120 THPRJ 52

DO 110 N=1,MSKIP THPRJ 53

110 READ (NES) THPRJ 54
120 BO 170 NS=1,NSTHJ THPRJ 55
CALL STORE (THJD,NON,NF5,1) THPRJ 56

IF (NS.GT.1) GO TO 140 THPRJ 57
PRINT 130, (LV(IY,I=N1,N2) THPRJ 58

130 FORMAT {42H1TIME HISTORY OF Y-DISPLACEMENTS AT NODES,//13H NODTHPRJ 59
1£ NO., 16110) THPRJ 60
PRINT 30 THPRJ 61

140 PRINT 50, THJD(NONY,{THJDCIY, 1=H1,N2) THPRJ 62
IF ¢1SJ.EQ.0) GO TO 150 THPRS €3
WRITE (99,503 THAD(NOMY, (THJDCT)Y, =i1,N2) THPRS 64

150 CONTINUE THPRY 85
If (NS.EQ.NSTHJ,OR.NSXJ.EQ.D) GO TG 170 THPRY 66

DO 160 N=1,NSKJ THPR &7

160 READ ¢NFS) THPRJ 68
170 CONTINUE THPRJ 69
IF (NZ2.LT.HVOUT} GO TO 100 THPRJ 70
NSKIP=NSKIP+1 THPRJ 71

180 IF (NROUT.EQ.D0) GO TO 280 THPRJ 72
NON=NROUT+1 THPRJ 73
N2=0 THERD 74

190 N1=H2+1 THERJ 75
N2=H1+9 THERJ 76

IF (HROUT.LT.HZ3 N2=NROUT THFRJ 77
REWIND HFS THPRJ 78

IF ¢NSKIP.EQ.O)} GO TO 210 THPRY 79

DO 200 N=1,NSKIP THERSG 80

200 READ (NF5) THPRS &1
210 DO 270 NS=1,HSTHJ THRRYS 82
CALL STORE (THJD,NOM,NFS,1) THPRJ 83

If (N$.GT.1) GO TO 230 THPRJ 84
PRINT 220, (LRCI),I=H1,N2) THPRJ 85

220 FORMAT (36HI1TIME HISTORY OF ROTATIONS AT NODES,//13# MOGE KO.,THPRJ 86
110110) THPRJ 87
PRINT 30 THPRJ 88

230 PRINT 240, THJDCHONY, (THJD(I3,I=H1,N2) THPRJ 89
240 FORMAT (1X,F8.3,6X,10F10.5) THRRJ 90
IF ¢ISJ.E0.0Y GO TO 250 THPRJ &1
WRITE (99,503 THJD(NONY, (THJD(1Y,1=N1,N2) THPRJ 92

250 CONTINUE THPRJ 93
IF (NS.ER.NSTHJ.OR.NSKJ.EG.0) GO TO 270 THPRJ 94

DO 260 N=1,HSKJ THPRS 95

260 READ (NF5) THPRS $6
IF (M2.LT.NROUT) 6O TO 190 THPRJ &7

270 CONTINUE THPRY 98
280 CONTINUE THPRJ 99
RETURN THPRJT00

END THPRI101
SUBROUTINE THPRR (NF7,154) THPRE 1
IMPLICIT REAL®8(A-H,0-2) THPRR 2
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26413
2642
2643
2bhs
2645
2646
2647
2648
2649
2650
2651
2602
2653
2654
2655
2656
2657
2658
£65%
2660
2661
PE62
2663
Pl A
2665
2666
2667
2668
2669
2670
2671
672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2Tt4
2715
2716
Yas
2718
2719
2720

C

&1 0

oo

THPRR

COMMON /THISTR/ ITHPR,MEG,NSTHR,MHR,NVR,LRHT(50), LRH2C(5CG),LRV] (303 THPRR

1,LRY2¢50}

DIMENSION REL(60}

CUTPUT REORGARISED RELATIVE DISPLACEMENT TIME HISTORIES

HTP=0
IE (MHR.GT.0) NTP=NTP+1
IF (HVR.GT.0) NTP=NTP+1
HSTHR=NSTHR/NTR
NSKJ=NTP-1
NSKIP=0
IF (NHR.EQ.0) GO TO Q0
HON=NHR+1
H2=0

10 Bi=u2+1
HE=Ni+9
IF (MHR.LT.N2) H2=NHR
REWIND MFO
90 80 NS=1,NSTHR
CALL STORE (REL,NOH,NF6,1)
IF (HS.GT.1) GO TG 40
PRINT 20, C(LRHICIY,LRH2CIY,I=NT,N2)

1,/713H  WODE PAIRS,T0CIS,2H -,13))
PRINT 30
30 FORMAT (7HO TIME)
4G PRINT 50, RELCNGNY,(REL(I),I=N1,42)
50 FORMAT 1X,F8.3,3X,10F10.4)
1F {15J.EQ.0) GO TO &0

HRITE (HETY RELCNONY, (RELCLY, I=HT,N2)

60 CONTIHUE

IF (MS.EQ.NSTHR.OR.NSKJ.ER.G) GO 7O 80

BO 70 H=1,HSKJ

70 READ (MF6)

80 CONTINUE
IF (H2.LT.HHR)Y GO 1O 10
HSKIP=NSKIP+1

90 IF (NVR.EQ.G) GO 10 170
KON=NVR+]
H2=0

100 Ki=Rg2+1
H2=H1+9
IF (NVR.LT.NZ} NZ=NVR
REWIND HFé&
IF (NSKIP.EQ.O0) GO TG 110
READ (NF6&)

110 DO 160 HS=1,NSTHR
CALL STORE (REL,MON,NF6,1)
IF {(NS.GT.1) GO TD 130
PRINT 120, {LRVICI),LRV2(1},1=N1,N2}

120 FORMAT (56HITIME HEISTORY OF RELATIVE Y-DISPLACEMENTS BETWEER KODESTHPRR 5

1,//13%  HODE PAIRS,10¢15,2H -,13})
PRINT 30
130 PRINT 50, REL(NON),(REL(I),I=N1,N2}
1If (1SJ.EG.0) GO TO 140

WRITE (NF73 RELHONY,(REL(L),1=R1,H2)

140 CONTINKUE

IF (NS.EQ.NSTHR.OR.NSKJ.EQ.0) GO TO 160

DO 150 M=1,NSKJ
150 READ (NF6)
160 CONTINUE
IF (N2.LT.NVR} GO TO 100
170 COMTINUE
RETURN
END
SUBROUTINE THPREL (NF4)
IMPLICIT REAL*B(A-H,0-7)

COMMON /THIST/ ITHOUT(10},THOUT(20), 1THP, ISAVE NELTH,NSTH,NF7, ISE

OUTPUT REORGAMEISED ELEMENY TiME HWISTORIES

HSTH=NSTH/NELTH
WSKE=NELTH-1

DO 160 ME=1,NELTH
REWIND 8F4

IF (NE.EQ.1) GO TO 20

B34

THPRR
THPER
THFRR
THFRR
THFRR
THFER
THPER
THPRR
THFRR
THPRK
THPRR
THPRR
THPRR
THPRE
THPER
THPRE
THPER
THPRR

THPRR ¢

THPRR
TEPRR
THPRR

THPRR £
20 FORMAT (S6HTTIME HISTORY OF RELATIVE X-DISPLACEMENTS BETWEEN NODESTHPRR 2

THPRR
THPRR

THPRR :

THPRR
THPRR

THPRR

THPRE
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR

THPRR 5

THPRR
THPRR

THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRR
THPRE
THPRR
THPRR
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
THPRE
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2721 NSKIP=NE- 1 THPRE
2722 B0 10 H=1,MSKIP THPRE
2723 10 READ (HF4) THERE
2724 20 DO 150 WS=1,NSTH THPRE
2725 CALL STORE ¢ITHOUT,25,NF4,1) THPRE
2726 ITYP=1THOUT (2} THPRE
2727 GO TO (30,40), I1TYP THPRE
2728 30 CALL THRFR (NS) THPRE
2729 GO TO 130 THERE
2730 40 CALL THPR (N$) THPRE
2731 130 CONT INUE THERE
2732 IF (NS.EQ.NSTH.OR.NSKE.EQ.0) GO TO 150 THPRE
2733 BO 140 N=1,NSKE THPRE
2734 140 READ (NF4) THPRE
2735 150 CONT INUE THPRE
2736 160 CONT FNUE THPRE
2737 RETURN THPRE
2738 END THPRE
2739 SUBROUTINE THPR (HS) THPR
2740 IMPLICIT REAL*BCA-H,0-2) THPR
2741 ¢ THPR
2742 COMMON /THIST/ ITHOUT(10), THOUT(20), ITHP, ISAVE ,NELTH, NSTH, NE7, 1SE THPR
2743 ¢ THPR
2744 ¢ REORGANIZED TIME HISTORY OUTPUT, BEAM COLUMN ELEMENTS THPR
2745 ¢ THPR
2746 IF (¥5.67.1) GO TO 20 THPR
2747 ¢ THPR
2748 PRINT 10, ETHOUT{13, 2THOUT(3) THPR
2749 10 FORMATCIBHTRESULTS FOR GROUP, I3, THPR
2750 1 35H, BEAM COLUMN ELEMENTS, ELEMENT NO.,14///5X THPR
2751 2 2H TIHE,4X, 4HNODE, 3X, 5HYIELD,6X, THAENDING, 7X, SHSHEAR, THPR
2752 3 7X,SHAXIAL, 12X, 23HPLASTIC HINGE ROTATIGNS/5X, THPR
2753 4 5H (4%, 4H MO, 3X,5H CODE,6X,7H MOMENT,7X,5HFORCE, THPR
2754 5 7X,5HFORCE, 8X, 7HCURRENT, 4X, OHACC. POS.,3X,OHACC. WEG./)  THPR
2755 ¢ THPR
2756 20 PRINT 30, THOUTC13) , ITHOUT(S), ITHOUT (43, (THOUTCI ), 1=1,11,2), ITHOUTTHER
2757 H(7), ITHOUT(5), (THOUT(I}, 1=2,12,2) THPR
2758 30 FORMAT (1H0,F8.3,IS,I?,3x,3F12w2,3X,3F12.5/9X,IB,I?,SX,3F12,2,3X,3T§PR
2759 1F12.5) THPR
2760 IF ¢ISE.EQ.0) GO TO 40 THPR
2761 WRITE (NF7) THOUT (13, ITHOUT(6), ITHOUT(4), (THOUTCI,1=1,11,2), ITHOTHPR
2762 TUT(73, ITHOUT(8), (THOUT( 1), 1=2,12,2) THPR
2763 40 CONTINUE THPR
2764 ¢ THPR
2765 RETURH THPR
2766 END THPR
2767 SUBROUTINE OUT  (COMS,NINFC,IC) ouT
2768 IMPLICIT REAL*B(A-H,0-7) outT
2769 ¢ ouT
2770 COMMON/INFEL/IMEM,IMEMD,KST,KSTD,LM(é),LMD(é),KGEOM,KGEOMD,PSH, out
2771 1 KHYST KHYSTD, FL, COSA, SINA,EAL,A(2,6),ST(2,2), ECC(4), uT
2772 2 KODY(Z),XI(Z),Q(Z),ﬂLPHAP(Z,Z),Ei(5,2,2),PHF(Z,E),PHY(E,Z), ouT
2773 3 PHU(2,2),PHE(2),F%1(2,2),PH1(2,2),FMX(2,2),PHX(2,2),FMp(Z,Z), ouT
2774 4 PHp(2,2),PHr(2,2),RD3(2,2) ,RD4(2,2) ,RD5(2,2), FMxM(2,2) . out
2775 5 PHxM(2,2) BUIY(2,2),BMEP(2), HYS(2),PPH1(2,2)  BMMP, PHAX. ouT
2775 s BMTGT(E),SFTOT(2),FTOT(Z),PRTO?(E),SENP{B),SENN{B),?ENP{B), ouT
2777 7 TENH(B) ,PRACP(2), PRACN(2),, SDACT(3),NODI, NOD., DUM(3 ), DANC2) . OUT
2778 8  REST(22) ouT
2779 COMMON/PASS/]GR,ISTEP,NSTEPS,KVARY,NBLOK,KS?AT,KDSS,KM,IEAR,NEAR, ouT
2780 T ISYM,isysn ouT
2781 ¢ ouT
2782 DIMENSION COMCT),COMSCYS GuT
2783 EGUIVALENCE ( IMEM, COM( 133 out
2784 [ ouT
2785 ¢ FINAL ENVELOPE OUTPUT, BEAM COLUMMN ELEMENTS out
2786 C o7
2787 DO 10 J=1,RINFC out
2788 10 COM( & }=COMS(J) T
2789 ¢ outT
2790 IF (IMEM.EQ.1) PRINT 20 out
2791 20 FORMAT(30H BEAM COLUMM ELEMENTS i1 out
2792 i o ELEM,3X, GHNODE , 17X, THBENDING, 14X, SHSHEAR, 14X, SHAXIAL,  OUY
2793 2 13%,8HPL HINGE,12X,9H ACCUM / ouT
2794 3 oH NO.,3X,4H NO.,17X,7H MOMENT,3X,4HTIME, 7X,SHFORCE,3X,  0uT
2795 4 AHTIME, 7X, SHFORCE, 3X, 4HTIME , 6X, BHROTATION, 3X, 4HT [ME, out
2796 5 5X, FHROTATIONS/) out
2797 ¢© ouT
2798 PRINT 30, IMEM,NODI, (SEWP(I}, TENP(1),1=1,7,2),PRACP(T), (SENNCI), TEOUT
2799 }Nncl),1=1,?,2),PRACN(1),N00J,(SEHP(I).TENPci),1z2,3,2>,PRACP(2),<S&U?
2800 2EMN(1), TENN(I), 1=2,8,2), PRACN(2) out

B~35
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2801
802
2803
2804
2805
2806
2807
2808
2809
2810
2811
2812
813
814
2815
816
2817
£818
2819
2820
2821
2822
2823
2824
2825
2826
2827
2828
2829
2830
2831
2832
2833
B34
2835
2836
2837
2838
2839
284G
2841
2842
2843
2844
2845
2846
2847
848
2849
2850
2851
2852
2833
2854
2855
2856
2857
2858
2859
2860
2841
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880

30 FORMATCI&, E7,5%,BHPOSITIVE,3¢F12.2, F7.3),F14.5,F7.3,F14.5/
1 16X, BHNEGATIVE ,3¢F12.2,F7.3), F14.5,F7.3,F14.5/
2 7H, 14,5, BHPOS ITIVE,3¢F12.2,F7.33,F14.5,F7.3,514.5/
3 16, BHNEGATIVE , 3CF12.2,F7.3), F14.5,F7.3,F14.5/)

RETURM

END

SUBROUTEINE INELL (KCONT,FCOMT,NDOF MIMFC, 1D, X, Y, NN, VOL,STL, ITY,
TSTIN,CONIN, SECIN,DDIN, RHOM, YBM, NELG, NELY, [P, KIP PR, PPR DY}
IMPLICET REAL*B(A-H 0Q-Z)

COMRSON/GENINF /1 IDUMCE0Y , NINFC103, ADOFEC10) , JJDUM(E S, HUMEHC10)

COMMON/PASS/ 1GR, KKDUM{ 113

COMMON/ THFEL/IMEM, THENMD ,KST,KSTD, LM(6) , LMD (6) , KGEOH, KGEOHD , PSH,
KHYST,KHYSTE, FL,COSA, SIHA,EAL,A(2,6),5T(2,2),ECCEL),
KODY(2),XI(2),Q(2),ALPHAP(2,2),E1(5,2,2) ,PHF(2,2),PHY(Z,2},
PHUCZ,2),PRIC2Y, FHT(2,2),PHICE,2), FMF(Z,2), PHX(2, 23, FHp(2,2),
PHR(2,2),PHr(2,2),RD3€2,2),RD4(2,2) ,RD5(2,2), FHXN(2,2),
PHXM(2,2),BMIY(2, 2),BMEPC2)  HYS(2), PPHT(2,2), BMMP  PHMX,
BMTOTC2),SFTOT(2Y, ETOTER), PRTOTC2), SENP(B), SENN(B), TENP(8),
TENN(B),PRACP(2), PRACH(Z), SDACT(Z), NODT, BODJ, KOUTDT, KOUTDTD,
1SLP(Z,23,DAM(2), FUFI(2,2),FAG(2,2), FMDA(2,2), IDAM(Z,2),
PHDACZ, 2}, FMXxM(2,2)

COMMON/WORK/GACS, 6),5FF(B)Y, SSFF(B),DD{S), FFEF(E}, FF(8),

FEF(35,7) KDFEE(36), FINIT(30,6),ECT(15,4),STYP(7,6),
CONYP(7,9),SECYP(14,93,W1(8),

ES,PS,FSY,EFSSY,EFSSU, FSU, £C,RDD, EC, PC, FOY, EPSCY, EPSCU, FOU,
EPSCM,PCP,F,FN,FN1,PST,PCT,PH, £, EPSS, EPST, EPSSD, YY, PSP, 12(2),
BPR{2),NPW(2), FACTOR, FMY (23, PYL2), PHUL (2, PHIF(2), FHUCZ),
FMIF(2),W3(T40)

COMMON/THIST/ I THOUT (10, THOUT (203, 1THP, [SAVE ,HELTH, NSTH,NF7, ISE

COMMON /AUTO/ KALTO, KAUTOD, KECO, KECOD, NDSGH , NDSGHD , KFREQ, KFREQD,

1 DBALL,DCALL,DBSTD,COKC,STEEL, 1ECO, BHAVG, BMDEV, 1 CONV

SOOCR SO U A A e

On W 2

DIMENSION KCONT{13,IDCNM,13,%(1),YC1),COM(T),STAR(Z), YESNO(2),
1KSE(2),STIN(S, 1), CONINGD, 1), SECINCD, 1),DBINCZ, 13, 1TY(3, 1),
2YBM(2,NELG, 1), REOM(Z, NELG, 1), TPC1) KIP( ), PRC}, PPR(2, 1),
SDMY(NELG, 1)

EQUIVALENCE (IMEM,COM{T))
DATA STAR/Z2H ,2H */
DATA YESNO/4H YES,4H NO /

(g]

DATA INPUT, BEAM COLUMN ELEMEWTS

IFCIGR .EQ. 1) NUM=0C

KDOF =6

RINFC=215

NDOFF(IGRI=NDOF

MNINF{IGR)=NINFC

NMEM=KCONT(2)

HUMEM{ TGR )=NHEM

HSTL=KCONT(3)

HCON=KCONT (4}

HSEC=KCONT(5)

HECC=KCONT (6}

HFEF=KCONT(7}

HINT=KOORT(8)

IFCIGR.EQ.2) PRINT 106, (KCOWY(F),[=2,8)

IFCIGR.EQ.TY PRINT 71, (KCOMNY(I),i=2,8)
10 FORMAT(43# BEAM COLUMN ELEMENTS (REINFORCED COMCRETEM//f/

1 34H NO. OF ELEMENTS =[4/
2 34K NO. OF STEEL TYPES =14/
3 34H MO, OF CONCRETE TYPES =i4f
4 34H MO. OF SECTION  TYPES =14/
5 34H NO. OF ECCERTRICITY TYPES =14/
& 34H NO. OF FIXED EMD FORCE PATTERNS =14/
7 34H HO. OF IRITIAL FORCE PATTERNS  =14&)
11 FORMAT(36H BEAM ELEMEMTS (REINFORCED CONCRETE}////

1 34H NO. OF ELEMENTS =14/
2 344 WO. OF STEEL TYPES =14/
3 34H MO. OF CONCRETE TYPES =14/
& 24H NO. OF SECTION  TYPES =14/
5 34H WO. OF ECCENTRICITY TYPES =14/
é 34H NO. OF FIMED END FORLE PATTERKS =14/
7 34H HO. OF IHITIAL FORCE PATTERNS  =14)

C

c INPUT REINFORCENG STEEL TYPES

[
PRINT 20

GUT

Out

CuUT

OUT

Uy

oY

out

INELL
IHELL
INELL
{HELL
IHELL
iNELL
INELL
EHELL
ENELL
ENELL
EHELL
fHELL
INELL
INELL
THELE
INELE
INEEL
IRELL
INELL
IRELL
INELL
INELL
IMELL
INELL
INELL
IHELL

INFLL
[HELL &
INELL &
TMELL 2

[KELL

ENELL

INELL
ENELL
INELL

THELL 3

INELL
THELL
INELL
INELL
INELL
IKELL
IRELL
INELL
INELL
INELL
IHELL
IKELL
TRELL
INELL
IMELL
INELL

IMELL 5

INELL
IHELL

INELL 5

IHELL
IKELL
[HELL
IHELL
[HELL
IHELL
IMELL
IHELL
ENELL
INELL
INELE
INELL
IHELL
INELL
INELL
TRELL
IRELL
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2881
2882
2883
2884
2885
2886
2887
£888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2502
2903
2904
2905
2906
2907
908
2909
2910
2911
2912
2813
2914
2913
2916
2917
2518
2919
2920
2921
2922
2923
2924
£925
2926
2927
2928
£929
2930
2931%
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2934
2955
2956
2957
2958
2959
2940

e NN

&Y 1M

s N eNe]

[N e

20 FORMAT(////260 REINFORCING STEEL TYPES//

SH TYPE,&X, 7H YOUMGS, Y, PHHARDEN NG, 6%, 7H YIELD |,
3N,9H ULTIMATE, 16X, 7H YIELD ,8X,9H ULTIMATE/
SH HO. ,6¥,7HMODULUS,5X,9H RATIO ,6X,7H STRESS,
3N, 9N STRAIN 16X, 7H STRAIN,BX,9H STRESS /3
DO 30 N=1,NSTL
READ 40,1, (STYP(N, ), d=1,4)
STYP(H,5)=STYP(N, $)/5TYPCH, 1)
STYP(N,6)=STYP(H, Z)*STYP(H, 1) (STYP(N,4)-STYP(N,5) +STYP(N,3)
30 PRINT 50, N, (STYP(N,.3,J=1,6)
40 FORMAT (I5,E15.4,E10.4,F10.2,F10.5)
50 FORMAT (I5,2X,E¥5.4,E13.4,F11.2,F12.4, 13X, F11.4, 1, F14.2}

WROR A B —

INPUT CONCREYE TYPES

PRINT 50
60 FORMAT(//7/15H CONCREYE TYPES//

BHCRITICAL/
5H NO. ,6X,BHSTRENGTH, 4%, TTHMAX. STRESS.AX.11H RATIO

=~ Oh T I R N e

BN STRAIN /)

DO 70 #=1,NCOH

READ 80 ,1,¢CONYPCN,JY, =1,3)
ALPHAC=1.+ 10, *CONYP (N, 3)
BETHAC=Z, +600. *CORYPLN, 3}
CONYP (N, 8)=ALPHAC*CONYP(N, 1)
CONYP (M, 7)=ALPHACHCONYP(N, 2)
CONYP(H, 4 )=CONYP{N, 63%3. /4.
COHYP (N, 5)Y=CONYP(N, 7)%5./12.
CONYP (N, B)=BETHACECONYP{N,7)
70 PRINT 98, H,(CONYP(N,J},J=1,8)
80 FORMAT (I5,7F10.4)

14X, 7H STRESS,4X,7H STRAIN,6X,BH STRESS ,3X,8H STRAIN ,3X,

THELL 74

20X, 200 *** INPUT DATA *%*% 35X, 22H *** COMPUTED DATA *®*//INELL 7%

IMELL 76
IMELL 77
IHELL 78
INELL 79
INELL 8O
IHELL &1
INELEL &7
INEEL 83
INELE &4
IRELL 8%
IHELL 86
INELL &7
INELL 68
IMELL &%
IHELL 90
IHELL 91

20X, 200 #*% [NPUT DATA ®%% I7X 22H &% [OMPUTED DATA ***//INELL 92
SH TYPE 6K, BHUNTAXIAL 46X, T1H STRAIN AT ,6X,1THCONFINEMENT,
14X, 7H YIELD,&X,7H YIELD,6X, BHULTIMATE,3X,8HULTIMATE,3X,

IHELL 93
THELL 94
INELL 95
IRELL ©6
INELL 97
INELY 98
INELL 99
IKELL 100
THELL 10
THELL102
INELLIO3
INELL104
ENELLICS
INELL106
IHELLTO7
[HELL1O8
INELL1O9

90 FORMAT (15,F12.2,2%,E15.4,F15.4, 124, F10.2,F12.4,F12.2, 1%, 2(F11.4) ) INELL110

INPUT COWCRETE CROSS SECTION TYPES

PRINT 100
100 FORMAT(////29% CONCRETE CROSS SECTION TYPES//
1 5H TYPE,&X,BHSECTION ,4X,8H BOTTOM ,4X,BHDISTANCE,2X,
2 10HBOT. STEEL,4X,10HFACTOR FOR,4X,8H TOP  ,4X,BHDISTANCE
3 3X,9HTOP STEEL,?X,10HSECTEONAL /
4 5H NO. ,6X,BH HEIGHT ,4X,BH WIDTH ,4X.8H4 (DCBI ,2X,
5 10H AREA L4, TOHMOM. DROP,4X 8H WIDTH ,4X,8H [BCT]
6  BX,9H AREA  ,2X,10H AREA /3
DO 110 H=1,NSEC
READ 120,1,(SECYPCH, ), =1,8)
120 FORMAT{IS,4F10.4,F5.2,3F10.4)
TF¢L.LE O)THEN
SECYP(N,B)=8ECYP(N,4)
SECYP(Y, 73=SECYP(N,3)
SECYP{N, 6)=SECYP(N,2)
EHD1F
SECYP{H,93=SECYP(N, 1 Y*(SECYP{N, 2)+SECYP(N, 63 3/2.
PRINT 125, N,{SECYP(M,J},J=1,9)
110 IF¢1.LE.O) SECYP(N,1)=-SECYP(N,T)

g

£

INELLTTY
THELL112
THELL113
IMELLT14
TNELLTTS
THELLT16
INELLTI?
IHELLT18
INELL 119
IRELLS20
INELE 1T
TRELL 22
IRELL1Z3
THELL1Z4
INELL12S
INELL126
INELLI27
IMELL128
TNELL1Z9
IHELLT30
IKELL131
INELL132

125 FORMAT(IS,2X,F10.2,3X,F10.2,1%,2F10.2,4X, F10.4,4X,F10.2, 1%, F10.2, 2IKELL 133

(2K, F10.2))
INPUT END ECCENTRICITIES
If (MWECC.EQ.0) GO TO 170

PRINT 130
130 FORMATC////238 END ECCEMTRICITY TYPES//

1 SH TYPE,6X,25HHORI 2OMTAL ECCENTRICITIES,SX,
2 25% VERTICAL ECCENTRICITIES /
3 SHOONO. 4K, 25H ERD T END J ,5X,
& 2548 EKD | END J /3

DO 140 K=1,NECC

READ 150,1,¢ECT(H,d),d=1,4)
140 PRINT 160, N,{ECT(N,J),J=1,4}
150 FORMAT (15,4F10.4)
160 FORMAT (15,2F14.2,2X,2F14.2)

FIXED END FORCE PATTERNS

170 1F ¢NFEF.EQ.0) GO TO 220

THELL 134
INELL 135
INELL 136
THELL137
IHELL 138
INELL13%
IRELL14G
EMELL 141
INELL142
INELL 143
[HELL144
INELL145
INELL146
INELL147
IBELL {48
IHELL14Y
IHELL150
IHELL151
INELL152
IKELL15E
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2961
£962
2963
2064
2965
£966
£9&T
£968
2949
2070
2971
2972
£973
2974
2975
076
2977
£978
2979
2980
2981
PaTlivs
26083
2984
2985
£986
2987
£988
2989
2990
29e1
A
2593
2904
2095
2996
2097
2998
2099
300¢
3001
3002
3003
3004
3005
3006
3007
3008
i00e
3040
2011
32
013
3014
3015
3016
3037
3018
2019
3040
302%
3022
3023
3024
3025
3026
3027
3008
3029
30350
2831
3032
34033
3034
3035
3038
3037
3038
303%
3040

]

OO

PRINT 180

THEEL 154

180 FORMAYL////25Y FIMED END FORCE PATTERNS/S/ INFLL 1TSS
1 BH PATTERN,X,LHAXIS, 7X,SHAXIAL , 7X, GHSHEAR, 6X, GHMOMENT,  ITHELL 156

2 X, SHAXIAL, 74, SHSHEAR, 6X, SHMOMENT , 5%, BHLL. RED./ INELL 157

3 8M WO, ,3X,.AHCODE, D, SHAT 1,70, 5HAT I,6X,6H AT 1,  INELLYSH

4 TH,SHAT B, 74, SHAT J,6X,6H AT & ,5%,8H FACTOR /) THELL 159
DO 190 N=1,NFEF THELL 160
READ 200, 1,XDFEFCHY, (FEF(Y,d),d=1,7) INELL 161

190 PRINT 210, ¥,KDFEF(NY,(FEF(N,d),d=1,7) [RELL 167
200 FORMAT ¢215,7F10.0) {HELL 165
210 FORMAT (I5,19,F13.2,5F12.2,F12.3) INELL 164
THELL16S

IRITIAL FORCE PATTERHS THELL 166
IMELL 167

220 IF CHINT.EQ.OY 60 10 270 IHELE 168
PRINT 230 INELL 169

230 FORMAT(////28H INITIAL END FORCE PATTERNS // INELLIT0
i B PATTERN, 7Y, SHAXIAL, 7%, SHSHEAR, 6}, GHMOMENT , 7X, SHAXIAL,  IMELLA7

2 7H, SHSHEAR , 6X , EHMOMENT/ INELLIT?

3 8 MO. ,7X,SHAT I,7X,SHAT 1,8X,6H AT I ,7X,5HAT J, IRKELLITS

b U, BHAT  J,6X,6H &T J /) INELL174

DO 240 N=1,HINT {NELL17S
READ 250, I,(FIRIT(HN,JY,d=1,4) INELL176

240 PRINT 260, N,(FINIT(N,J),J=1,6) {NELL177
250 FORMAT (I5,6F10.0) TNELL178
260 FORMAT €15,3,6F12.2) INELL179
TNELL 180

ELEMEMT SPECIFICATION TNELL 181
IHELLTBZ

270 PRINT 280 INELL18E
280 FORMAT(////721H ELEMENT INPUT DATA// THELL184
1 3, 4HELEM, 2X , 4HNODE, 2X, 4HNODE , 2%, 4HNODE , 2)(, 4HCONG, 2X, 4HSTL INELL18E

2 ,2Y ,&HSECT, 2% 4HECCY, 2%, 4HGEOM, 2}, 4HTIME , 2, SHHYST ,2X, IHELL186

3 1THFEF PATTERN,2X, 17HFEF SCALE FACTORS,2X, INELL1SY

4 1SHINITIAL FGRCES / INELL18S

5 3%,AH MO, 2X, 40 1 ,20,4H  J 2%, 4HDIFF,2X,4HTYPE, 2%, 4HTYPEINELL 189

) 2N ANTYPE 2%, AHTYPE, 20, 4HSTIF, 2, 4HBIST, 2X, SHCURVE, 2X, INELL 190

7 1MH DL AL ,2X,17H DL (L ,2X, THELL 191

3 154 HO. SCALE FAL./} IHELL1OZ
INELL19S

DO 29C 4=1,215% TNELL 194

290 COM(J=0, INELL19%
KST=0 INELL 196
TNELL 197

IMEM=1 INELL 196

310 READ 326, INNEL,INODI,INODJ,IINC,IICON,1ISTL,TISEC, IIECC, IKGH, IKDTINELL199
1,1HYS, 1KEDL, IKFLL,FFOL, BRLL, LINIT, FFINIT INELL 200
320 FORMAT (B15,514,2F5.0,15,F5.0) TRELLZ01
IMELL 207

IF (1ABSCIHNEL).GT.IME®) GO TO 350 TNELL 20%

330 INEL=INNEL THELLZG
NODIZINOD] THELL 205
HODJ=INODJ INELL 206
INC=] INC INELL 207

IF (INC.EQ.0) INC=1 THELL 208
1CON=11E0N INELL 209
ISTL=I11STL INELL P10
ISEC=1ISEC INELL 217
1ECE=11ECE INELLZYY
KGEOM=1KGH THELLZ 13
KOUTDT=1KDT INELLZ 14
KHYST=IHYS THELLZ15
YHG=YESNOC2) THELLZT6

IF (KGEOM.NE.O) YNG=YESNO{1) INELLZ17
YHT=YESHOC2) IHELL2TS

IF (KOUTDT,NE.0) YNT=YESNGL) INELLZ19
YHH=YESHO(2) INELLZZ0

IF (KHYST.HE.G) YNH=YESNO{T) INELLZZ1
KFDL=1KFDL TNELLZZR
KFLL=IKFLL INELLZZ
FDL=FFDL INELLZ24
FLLB=FFLL IHELLZZS
FLLF=1. THELLZZS

V¥ (KELL.£G.0) GO TO 340 THELLZ27
FLLE=FEFCIKELL,7) INELLZ28

IF (FLLF.EQ.0.) FLLF=1.E-6 INELLZ29

340 INIT=YIRIT INELLZ230
FINT=FFINIT INELLZ31
ASTT=STARCT) INELLZ32

IF FIABS{INELY.NE.NMEM) 60 T0 310 INELL233
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3041 GO 7O 350 IRELLESL
3042 cC INELL 235
5043 360 NODI=NODT+ING TRELLZ3

3044 HOD J=NOD J+1 HC INELL 237
3045 ASTT=STAR(2) INELLZ38
3046 C INELL239
3047 350 PRINT 370, ASTT, IMEM, HODI,HODJ,INC,ICON,ISTL,ISEC,ECC,YNG,YNT  INFLLP40
3048 1, YNR,KFDL KFLL  EDL, FLLM, INIY, FINY IHELLZ41
BO49 370 FORMAT(A2,14,16,416,216,3X,A4,2X, A4, 2X, A4, 16,16,F10.2,F10.2, 16, FIOINFLL 747
3050 1.2) INELL24R
3051 ¢ INELL 244
3052 ¢ COUNT NUMBER OF ELEMEMT TIME HISTORIES IRELL 45
3053 ¢ THELL 46
3054 TF CKOUTDT.NE. O3 MELTH=NELTHS . INELLZAY
3055 ¢ INELLZ48
305 C LOCATION MATRIX THELLEGD
1857 C INELLZ50
3058 DO 380 1=1,3 [HELLEST
%059 LMCIy=EDHODE, 1) INELLES2
3060 380 LM(I+3)=1D¢HODJ, ) THELL253
3061 CALL BAND THELLZ54
3062 C INELLYSS
063 © ELEMENT PROPERTIES INELLISE
3064 C INELLDSY
3065 XL=XCHODJ) <X ¢RODI ) INELLZS®
3064 YL=Y{NODJ)-Y (ROBT ) INELLZSO
3067 RFL=DSORT (XL**2+YL*%2) INELLP60
3068 IF {IECC.EQ.0) GO TO 400 INELL2&Y
3068 DG 390 I=1,4 INELLZ62
3070 390 ECC(1)=ECT(IECC,1) INELLPES
3071 XL=XL-ECCC1 W+ECCL2)Y INELL764
3072 YL=YL-ECC(3)+ECC(4) THELL?6S
3073 400 FLEDSQRT(XL**P+YL¥%2) INELL?66
3074 COSA=XL/FL INELLPEY
3075 SINASYL/FL INELLZ68
3676 C INELL P69
5677 ¢ DISPLACEMENT TRANSFORMATION INELL270
3078 ¢ INELLZ71
3079 A{1,13=-SINA/FL INELLZ72
3080 4¢1,23=C0SA/FL INELLZT3
3081 ACY,33=1, INELLZT4
3082 ACH, 4¥=-A01, 1) INELL2TS
3083 ACE,5)=-A(1,2) IMELLET6
3084 ACT,6)=0, IRELLZYT
3085 A2, D=A{1, 1) INELL278
3086 ACZ,2)=A01,2) IHELL2TO
3087 AC2,33=0, IHELL 2RO
3088 AL2,6Y=A0T,4) INFLLZ28%
3089 A(2,53=A(1,5) INELL282
3090 AL2,6)=1, INELLP8%
3091 IF (IECC.EQ.0) GO TO 410 INELLZBY
3092 AL2,3)=(SINA*ECC(3)+COSA®ECC(T))/FL INELLZ85
3003 AL1,33=1.4A02,5) INELL2B6
3094 ACT,6)=(-SINA*ECC(4)-COSA®ECC(2))/FL IKELL287
3005 A(2,6)=1.4A01,6) IKELLY88
3096 GO 10 425 IKELLDBO
3007 410 ECC(T)=1.23456E10 INELL290
3098 425 CONYINUE INELL 293
3000 ¢ INELLZ92
3e0 ¢ LOADS DUE TO FIXED ENB FORCES INELLZD3
301 ¢ INELLZSG
3102 DO 420 I=1,6 IHELL29S
3103 SFFCIY=0. INELLZ96
3104 420 SSFF(LY=0, INELL2GT
3105 IF (KFDL+KFLL,EQ.0G) GO TO 510 INELL798
3106 DO 430 1=1,6 INELLZOO
3107 DO 430 J=1,6 INELL300
3168 430 GACY, Jy=0. INELL301
3109 GAC1, 13=C0SA INELL302
3110 GA(1,2)=SINA INELL303
3111 GAC2, 1)=-SINA INELL304
3112 GA(2,2)=COSA INELL05
3113 GA(Z,3)=1. IHELL306
3114 GA(4,4)=COSA INELL307
3115 GACL,5)=S1HA THELL308
3116 GALS,4)=-SINA INELL309
5117 GA(5,5 y=COSA IHELL310
3118 GACG,6)=1. INELL3H
3119 ¢ INELL312
3120 1F (XFDL.EQ.D} GO TQ 470 INELL313
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3121 D0 440 1=1,6 IHELL34
3122 440 FEEFCI)=FEF{KEDL, 1)*FDL INELL315
3123 IF (KDFEf(KFDL).EQ.D) GO TO 450 INELL316
3124 CALL MULT (GA,FFEF,SFF,6,6,1) INELL3TY
3125 GG TO 470 INELL31S
3126 450 DO 460 1=1,6 INELLS19
3127 460 SFF(IY=FFEF(I) INELL320
3128 ¢ INELL32
3129 470 IF (KFLL.EQ.D) 6C TO 510 IHELL322
3130 DO 480 I=1,6 INELL3ZS
3131 FLL=FLLF*FLLM TNELLE2S
3132 IF (1.E6.3.0R.1.EG.6) FLL=FLLM IHELLE?S
3133 480 FFEFCI)=FEF(KFLL,13*FLL INELL326
3134 IF (KDFEF(KFLLY.EQ.C) GO TO 490 INELL327
3135 CALL MULT CGA,FFEF,SSFF,6,6,1) INELL3PE
3136 60 10 510 IMELL32Y
3137 450 DO 500 1=1,6 IKELL330
3138 500 SSFF(1)=FFEF(I) INELL331
3139 ¢ INELL332
3140 510 DO 520 =1, TNELL333
3141 520 FFCI)=SEECE)I+SSFF(I) INELLZ34
342 ¢ INELL3EY
3443 CALL MULTT (GA,FF,DD,6,6,1) ENELL336
3144 IF ¢(1ECC.EQ.0) GO TO 530 INELL33Y
3145 DD(3)=DD(3)-DD(1I*ECC(3)+DD(2Y*ECC(T) INELL338
3146 DD(6Y=DD(6)-DD (4)*ECE(4)+DD(5I*ECL(2) JNELL339
3147 530 CALL SFORCE (DD) INELL340
3148 € IRELL34
3149 ¢ MODEFY TO GET INITIAL ELEMENT FORCES INELL342
3150 ¢ INELL343
3151 DO 540 1=1,6 INELL344
3152 FLL=1,/FLLF INELL345
3453 IF (1.EQ.3.0R.[.EQ.6) FLL=1. INELL346
3154 540 SFF(1)=SFF(1)+SSFF(I)*FLL INELLEAT
3155 C [HELL348
3156 ¢© INITIAL FORCES INELL349
3157 ¢ INELL350
3158 550 DO 560 11,6 INELL3S1
3159 540 SSEF(1)=0. INELL352
3160 IF (INIT.EQ.0) GO TO 580 INELLE53
3161 DO 570 i=1,6 INELL354
3162 SSFECTYSFINITCINIT, DY*FINT INELL355
3163 570 SFF(I)=SFF{IMSSFF(I) INELL356
3166  C INELL3ST
3165 £ IMITIALIZE ELEMENY FORCES THELL3S8
3166 ¢ INELL359
3167 580 BMEP(1)=$FF(3) INELL360
3168 BMEP(2)=SEF(6) INELL361
2169 FTOT(T)Y=SFF(T) INELL362
3170 FTOT(2)=5FF(4) INELL363
3171 SETOT(1)=SFF(2) INELLI6G
3172 SFTOT(2)=8FF(5) IMELL365
3173 BMTOT(1)=5FF(3) INELL366
3174 BMTOT(2)=SFF(6) THELL367
3175 © INELL368
3176 ¢ INITIALIZE ENVELOPES INELL369
3177 ¢ INELLBTO
3178 FF(1)=SSFF(3) INELLA7
3179 FF(2)=SSFF(6) INELL372
3180 FF(3)=SSFF(2) INELL37S
3181 FF(&)=8SFF(B) INELL374
3182 FF(5)=SSFF(1) INELL375
3183 FE(6)=SSFF(4) INELL376
3184 D0 600 I=1,6 INELL3TT
3185 IF (FE(1).LT.0.} GO TO 590 INELL378
3186 SENP(1)=FF(E) IRELL3TY
3187 SENN(I)=(. IMELL380
3188 GO TO 600 INELL38Y
3189 590 SENNCIY=FF(1) IHELL382
3190 SENP(1)=0. IHELL383
3191 600 CONTINUE IHELL384
3192 ¢ INELL3BS
3193 ¢ COMPUTE SECTION PROPERTIES INELL3B6
3194 C INELL387
3195 ¢ 13 REINFORCING STEEL INELL388
3196 ES=STYP(ISTL, 1) INELL389
2197 PS=STYP(ISTL,2) IHELL390
3198 FSY=STYP{ISTL,3} IRELL391
3199 EPSSU=STYP({ISTL,4) INELL392
3200 EPSSY=8TYPLISTL,5) INELL393
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3201 FSU=STYPCISTL, &) THELL394
0z ¢ 23 CONCRETE PROPERTIES IHELL395
3203 FC=CONYPCICON, 1) THELL396
3204 EPSCOSCONYPCECON, 23 THELL397
3205 RDD=CONYP{ICON, 3} INELL3SS
3206 FCY=CONYPCICON, 43 INELLE99
3207 EPSCY=CONYP{ICON,5) INELL40O
%208 FCU=CONYP( ICON, 63 IHELLAOT
3209 EPSCU=CONYP(ICON, 7) IHELL402
3210 EPSCM=CONYP(1C0M, 8) INELL4O3
et SLR=CONYP(ICON,9) INELLA04
3212 ¢ 3) DIMENSION OF SECTION INELE4OS
3213 11=1 INELLADG
3214 IF(SECYPCISEC, 43.0T.0.)  FI=-1 IHELLAGT
3215 RT=SECYP(ISEC, 1) THELL408
3216 TF(TI.LE. O} HT=-HT INELL4O9
317 BB=SECYP(1SEC,2) IHELLA10
3218 DCB=SECYP(ISEC,3) IHELL411
3219 ASB=SECYP(ISEC,4) INELE4 12
3220 OMEGA=SECYP(ISEC,5) THELL413
2221 BY=SECYP(ISEC,6} THELLA14
3222 DCT=SECYP(ISEC,7) FHELL415
%22% AST=SECYP(ISEC,8) THELL416
3024 RT=SECYP(ISEC, D) INELLATT
3225 ¢ INFLL418
26 ¢ SAVE ELEMENT INPUT DATA INELL419
w2r ¢ INELL4ZO
5228 PH=NUM+ TMEM TKELL42T
3229 DO 601 IN=1,6 INELL422
3230 601 STINCIR, IM)=STYPCISTL, IN) THELL423
3231 DO 602 IN=1,9 THELL4R4
3232 602 CONINCIN, 1M)=CONYP(ICON, IN} INELL4?S
3233 DO 603 IN=1,9 INELL426
3234 603 SECINCIN, IM)=SECYP(ISEC, IN) INELL427
3235 DO 604 IN=1,2 INELL4Z8
3236 604 DDINCIN, IM)=DD{IN) THELL429
3257 ITY(T, TMY=15TL INELL430
3238 1TY(2, IM)=1CON INELL431
3239 ITY(S, IM)=15EC INELL432
3260 ¢ IHELL433
3241 VOL=VOL+RFL*AT INELLS34
3242 STL=STL+RFL*(AST+ASE) IKELL435
3243 EC=FCY/EPSCY INELL43S
3244 PCs5. /29, INELL437
3245 ¢ INELLL38
3246 BCP={ FCU-0. 1*FC )/ (EPSCHM-EPSCUY*EC) INELL43%
3247 FN=ES/EC THELL44O
3248 FNT=FN-1 INELLG4
3249 PS1=1.-Pg INELLALD
3250 PCt=q.-bC IHELL44T
3251 AS=AST+ASE INELL4GE
3252 AC=AT-AS INELLA44S
3253 DOT=HT-DCB INELL&GS
3254 DDB=HT-DCT INELL&47
3255 AXF=DD(1) IMELL&AS
3256 IF¢IGR.EQ.2) AXF=-DD(2) INELL449
357 PSP=1.5%pg INELL450
3258 CALL FMPHI(SLR,AXF HT,BT,DCT,AST,DDT,ASB,FMY1,EI1,P1,PHIUT,PHIFT, FINELLAS
3259 1MFT, FMUT, YHXT ) INELL45Z
3250 TF¢T1.6E.G)THEN INELL453
3261 CALL FMPHI(SLR,AXF,HT,BB,DCB,ASB,DDB,AST,FMY2,E12,P2, PHIU2, PHIF2, INELL4S4
3262 1FMF2, FHMUZ, YNX2) INELLASS
3263 E1I=.5%(E]1+E12) INELLAS6
3264 PP=.5*(P1*EI1+P2*E12)/E | IHELL4ST
3265 FMY T=F#Y 1% (1. ~PP*ELI/EL1)/¢1. -PP) INELL45S
3266 FMY2=FHY2*{1.~PP*ELI/EI2)/(1.-PP) INELL459
3267 ELSE INELL460
3268 E11=EI1 THELLAG"
3269 PP=p1 INELL4E2
3270 FHY 2= FHY1 INELL463
3271 PHIUZ=PHIU1 INELL464
3272 FMU2=FMU1 INELL46S
3273 PRIF2=PHIF1 [HELL466
3274 FUF2=FME] INELL46T
3275 ENDIF THELL468
3276 ATH=CONYPCICON, 4 )*AT/HT*(DDT+DDB) /2. INELL469
3277 EA=EC* 5% (BB+BT)¥HT+ES* (ASB+AST) INELL4TO
3278 STR=(AS/AT)*100.00 INELLATT
3279 IF(STR.LT.0.75) STR=0.75 INELLAT?
3280 CFR=RDD IHELLAT3
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3281 IF(CFR.GT.2.) CFR=2. INELLATS
3782 PHULC1)=PHIUT INELLATS
5483 PHUL(2)=-PHIUZ2 IHELLATH
3284 FHMUCT 3=FMUI THELLATT
3285 FMU(2)=- FMUZ INELLATS
3784 PHIF(1)=PHIFT INELLATY
3287 PHIF(2)=-PHIF2 THELLABD
3288 FMIF(1)=FMET THELLGS1
3289 FMIF(2)=-FHF2 INELLSEZ
3290 FMY (13=FHMYT INELLABE
3291 FMY(2)=-FMY2 THELE4B4
5292 PY(1)=AS*FSY+.B5*FCFAC INELL4ES
1293 PY(2)=- (6. *AC*DSQRT( FC*1000. 3/ 1000.+FSY*AS) INELLAGS
3294 € INELLABT
3295 DG 610 1=1,2 INELLASS
1296 KODY(13=1 IKELLA4BS
3297 XI¢I)=0. IHELLAYO
3298 QL1y=1. INELL4SY
3099 00 610 J=1,2 THELL49?
3300 EICT,1,d)=E11 INELLAD3
3301 EI(2,1,d)=PP*ET] [RELL&SG
3302 EI1¢3,1,4)50.0 ITRELL4OS
3303 EIC4,T,J)=0.0 INELLADE
3304 616 EI(5,1,d)=0.0 TNELL4DT
3305 PSH=PP THELL4A98
3306 EAL=EA/FL INELLLYS
3307 TFCINEL.LT.0Y GO TO 621 IHELLS00
2308 SSR=FL/(2,*DDT} IKELL5O01
3309 CCC=SSR TNE$LL502
3310 DO 620 I=1,4 INELL503
3319 IF(I.EQ.T.0R.1.EQ.4)CCC=FL/(2.*DDB) INELL504
3312 ALPHA=.4*CCC-.6 INELLSOS
3313 1F(CCC.LT.1.50000025 YALPHA=, DOOOOO INELLS06
3314 IF(CCC.GT.4. YALPHA=T, TNELL507
3315 620 ALPHAP(I,1)=ALPHA THELLSCS8
3316 60 TO 625 THELLS09
3317 621 $SR=FL/DOT INELLS10
3318 CLC=88R INELLDTE
3319 DO 622 1=1,4 INELLE12
3320 FF(1.EQ.1.0R.1.EQ.4)CCC=FL/DDB INELL513
3321 ALPHA=.4*CCC- .6 INELL5 14
3322 1F(CCC.LT.1.50000025 YALPHA=, 0000001 INELL515S
3323 JF(CCC_GT .4 3ALPHA=T. IRELL516
3324 622 ALPHAP(I,1)=ALPHA INELLS1T
33235 ¢ INELL518
3326 625 DO 630 J=1,2 INELLE19
3427 DAM(.)=0.0 INELL5P0
3328 DO 630 1E=1,2 INELL5?1
3329 PHF(IE, J)=PHIF(J) INELLE22
3330 FMFCIE, J)=FMIF(J) INELL5Z3
3331 PHUCIE, J)=PHUL () INELL524
3332 BMIYCEE, J3=FMY (L) INELL525
3333 430 PHYCIE, J3=FMY(J)/EIL INELL5?6
3334 DG 640 1=1,4 INELL527
3535 IDAMCIE, 1)=0 INELLE28
3336 IHSLRLT, 1)=1 INELL5E29
3337 FACCT, TY=0MEGA TRELLE30
3338 FMDACT, 1)=BMIY(I, 1) INELLE31
3339 FrexxM(l, 1I=BMIVCE, 1) TRELL532
3340 Fexpic 1, 13=BMIY(T, 1) INELLS33
3341 PHDACI, 1)=PHY(1, 1) INELLS34
3342 PPHTCE, 1)=PHY(I, 1) INELLS35
3343 640 PHXMCI, T)=PHY{IL,1) [HELLS36
3344 C INELLS37
3345 ¢ SAVE DATA FOR DAMAGE ACCEPTANCE CRITERIA THELL538
ExTT I TNELLS39
5347 CC=0. 85*FC*YNXT*BT INELL540
3348 CS=FSY#AST TNELLS4
3349 RHOMAX=(CC+CS)/FSY INELL542
3350 RHOMIN=200.0/FSY INELL543
3351 IF(FSY .LE. 200.0) RHOMIN=RHOMIN/1000. INELL544
3352 RHOM( 1, 1GR, IHEM}=RHOMIN IHELLS4S
3353 RHEOM(2, FGR, TMEM ) =RHOMAX IHELLDALE
3354 C INELL54T
3355 YBM(T, IGR, NODE)=FMY (1) THELLSLE
3356 YBM(2, IGR, NODJ)=FMY (1) INELL549
3357 ¢ INELL5S50
3358 CALL FINISH INELLSS1
3359 ¢ INELLS52
3360 ¢ REARRAMGE DATA FOR PRINTING INPUT DATA INELLES3
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3361
3362
3363
3364
33565
3366
3367
3368
3369
3570
3371
3372
3373
3374
3575
3376
3377
3378
3379
3380
3581
3382
3383
3384
3385
3386
3387
3388
3389
33%0
3391
3392
3393
3394
3395
3396
3397
3398
3399
3400
3401
54602
3403
3404
3405
3406
3407
3408
34609
3410
3411
5412
3413
3414
3415
3416
3417
3418
34619
3420
3421
3422
3423
3424
3425
3426
3427
3428
3429
3430
3431
3432
3433
5434
3435
3436
3437
3438
3439
3440

C

[+ RNl

00

609

650

700
660

680

INELLESS

IP{IMEM)=HOD] INELLEES

1P { IMEM+NMEM )=NOD J INELLESS

IP ¢ IMEM+2*HMEM ) = [ CON THELLSS7

IP{ IMEM+S*NMEN) =1 STL INELLSS8

IP¢ EMEM+4*NMEM ) = 1SEC INELLSS

INELL560

PR{IMEMY=ET] INELL561

PRE IMEM+NMEM)=S TR INELLE62

PRCIMEM+2*NMEH) =PP INFLL563

PRC IMEM+3%NMEN) =SSR INELL564

PRETMEM+4*HMEMY=CFR TNELL565

INELLS66

PPRC1, IMEM)=EMY{ 1) IHELLS67

PPR(1, EMEMNMER ) =FMEI( 1) INELLESS

PPRC1, IMEM+2*NMEM) =FHIF(1) INELLE6R

PPR{T, IMEM+3*NMEM }=PHUL (1) INELLE70

PPR{ 1, IMEM+A*RMEN)=PHIF( 1) IKELLSTY

INELLGT2

PPRE2, IMEM)=FHY (2} INELLST3

PPR{2, IMEM+NMEM=FMUC2) INELLE74

PPR(Z, IMEM+2¥HMEM)=FM F(2) INELLS7S

PPR(2, THEM+Z*NHEM S=PHUL (2} INELL576

PPRC2, IHEM+4*NMEM)=PH] F(2) IHELLS7?

INFLLS78

TF(KAUTO.NE. 1) GO TO 609 INELLS79

AST=1, 1%AST IHELL580

ASB=1.1%ASB INELL581

CALL FMPHI(SLR,AXF,HT,BT,DCT,AST,DDT,ASB, FMYT,E11,P1,PHIUT,PHIF1, FINELLE82

THET, FHUT, YRXT) INELL583
DHMY{1GR, IMEM)=(FMY 1- FHY (132710 INELLEBG

INELLESS

GENERATE MISSING ELEMENTS INELLSBG

INELL587

IF (IMEM.EQ,NHEM) GOTO 850 INELLESS

THEM=1MEM+1 TNELL589

IF (IMEM.EQ.IABS(INNEL)) GOTO 330 INELL590

G0 TO 360 INELL591

INELL592

PRINT COMPUTED MEMBER PROPERTIES IHELLSO3

IKELL594

DO 700 1=1,MMEM THELL59S

IFCI.EQ.1) PRINT 6560 INELLS9

PRINT 680, I,1P{L}, IPCI+NMEM), IPCI+2%NMEM)Y, IP¢ [+3%NMEM), IHELL597

TIPCI+A*NMEMY, PRCL Y, PRCI+NMEM ), PRCE+2*NMEN S , PR{ T+3%NMEM) | INELL598
2PRCI+A*HMEM), (PPR(J, 1), J=1,2), (PPR(J, [+NMEM}, i=1,2), INELLS9Y
3(PPRC, I+2*NMEM), 3= 1,2, PPRCT, [3/PRCTY, PPRCT, [+3¥HMEM) , INELLGOO
4PPRCT, [+4*NHEM) IKELLGOY
CONT THUE INELLGOZ

FORMAT(////36H%** COMPUTED MEMBER PROPERTIES %%/ IKELLGO3

1 3HEL. , 1X, 4HNODE , 3X, 4HMATL , 1X, 7HYOUNG’S, 3X, SHLONG. , INELL60G
2 X, 6HHARDEN, X, 6HS/SPAN, 1¥, 6HCONFIN, 2X, 13H YIELD MOMENT,4X, INELL60S
3 T3HULT. MOMENT ,4X, TTHFAIL MOMENT,9X,’ CURVATURES’/, INELL&OG
5 3HNO., 1X,4H 17J,TX,BHCO/ST/SE, 1X, THMODULUS, 1X, SHSTL %, THELLEOT
6 1X,6H RATIO, 1X,6H RATIO, 1X,6H RATIO,3X, 13HPOSE.  NEGA ,3X, INELL&OS
7 13HPOSE. NEGA ,5X,11HPOSE. NEGA,S5X,21HYIELD HAX MO. FAINELLSO9
8IL /3 INELL&10
FORMAT(/12, X, 12,7 /7 ,12,1%, 11,177 11,777, 11, 1%, E9.3, 1X,F5.3,1X,  INELL&Y1

1F6.4,1%,F5.2,1%,F6.3,2F9.2,2F9.2, 14, 2F9.2, 1x, 2F 7.4, 1x, F7.4) IKELLGTZ2
FFCIGR LGE. 1) MUM=NUM+NMEM IKELLB3

RETURN THELLGET4

END INELLATS

SUBROUTINE FMPHI(SLR,AXF,H,B,DD,ASD,D,AS, FMY,E1,P PHIU,PHIF, FHF, FMPHI 1

1FMU, YHX) FMPHI 2
IMPLICIT REAL*BCA-H,0-2) FMPHI 3

COMMON / ENFEL / EMEN, THEMD , DUM(214) FMPHI 4

COMMON /WORK /W1¢810} ,ES, PS, FSY,EPSSY,EPSSU, FSU, FC,RDD,EC,PC,FCY,  FMPHI 5

1 EPSCY ,EPSCU,FCU,EPSCM,PCP, F,FH,FH1,PST,PCT,PHI,FH,  FMPHI 6
£PSS,EPSC,EPSSD, Y, PSP, W2(72) FMPHI 7

FHPHI 8

DDD=. 85* FCU*B*H FHPHI 9§

DDD=(DDD*H% . 5+FSY* (ASD*DD+AS*D) )/ (DDD+(AS+ASD I*FSY) FMPHI 10

DEPS=EP$SY/10. FMPHI 11

1CODE=2 FMPHI 12

DO 5 I=1,10 FMPHI 13

EPS=DFLOAT (1 )*DEPS FHPHI 14

PO 10 KSD=1,2 EMPHI 15

DO 10 KC=1,4 EMPHT 16

CALL NUTAXCAXF,1CODE,KC,KS,KSD,10K,EPS,H,8,DD,ASD,D,AS,DDD) FMPHI 17

IF(IOK.EQ.0)G0 TO 20 EHPHT 18
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3441

Jbhe
3443
Bhbg
3445
3446
3447
3448
3449
3450
3451

3452
3453
3454
3455
3436
3457
3458
3459
3460
3461

3462
3463
34bh
3465
3466
3467
3468
3469
3470
3471

3472
3473
3474
3475
3476
3477
3478
3579
3480
3481

3482
3483
3484
3485
3486
3487
3488
3489
3499
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501

3502
3503
3504
3505
3506
3507
3508
3509
3510
351

3312
3513
3514
3515
3516
3517
518
3519
3520

C

10
20
5
3

24
26

30
35

33

25

31

52

50
45

COMT INUE

CALL MOMENTCAXF,KC,KS,KSD,H,B,DD,ASD,D,AS,DDD, ICODE)
COWT EHUE

WRITE{3G, 1003 Y,EPSC,EPSSD,EPSS, PRI, M
PHIY=PH!

FHY=FM

FHP=FHY

FHU=FHY

Yx=Y

PEPST=EPSC

PEPSS=EPSS

IULT=0

1CODE=1

EPS=EPSCHM

DG 24 KSb=1,2

DO 24 KS=2,%

CALL NUTAX(AXF, ICODE,KC,KS,KSD, 10K, EPS,H,8,DD,ASD,D,AS,D0D)
[F¢IGK.EQ.03G0 TO 26

CONTIHUE

LF¢EPSS .GT. EPSSU) GO TO 51
PEPS=PEPSC

DEPS={EPSLM-PEPSC)/20.

80 25 1=1,20

EPS=PEPS+DFLOAT (1 )*DEPS
1F(EPS.GT.EPSCHIEPS=EPSCN

DO 30 KsSD=1,2

D0 30 KS=2,3

CALL WUTAX(AXF,1CODE,KC,KS,KSD, 10K, EPS,H,B,DD,ASD,D,AS,DDD)
TF(IOK.EQ.DIGO TO 35

CONT I HUE

CALL MOMENT(AXF,XC,KS,KSD,H,B,DD,ASD,D,AS,DDD, [CODE)
1FCIULT . ER.1) GO TO 33

IF(FMP.GT.FM) THEM

FMU=FHP

PHIUSPHIP

TULT=1

ELSE

ENDIF

PEPSS=EPSS

IF(EPSSD .GE.EPSEMY GO TO 200
IFCF#,LE.C.75%F#Y) GO TO 300
IF¢EPSS.GE. 1.5*EPSSUY GO TO 400
EPSSDP=EPSSD

EPSSP=EPSS

FMP=FM

PHIP=PH]

IF(EPS.GE.EPSCHMY GO TO 51

CONTINUE

WRITE(30,100) Y,EPSC,EPSSD,EPSS,PHI, PN

PEPS=PEPSS

IEPS=0

DEPS={EPSSU-PEPS)/20.
£1=1.5%(PEPS/DEPS )+1
NN=30+IDINT(ET )+t

IF(DEPS .LE. 0.0} DEPS=EPSSU/20.
IF(DEPS .LE. 0.0y MN=100

[CODE=2

DO 40 I=7,KH
EPS=PEPSHDEPS*BELOAT(T)
IF(IEPS.EQ.1) GO TO 52
IF{EPS.GT.EPSSU) THEN

EPS=EPSSU

1EPS=1

ELSE

ENDIF

DO 50 KC=1,4

DO 50 KSp=1,2

CALL WUTAX(AXF,ICODE,KC,KS,KSD, I0K,EPS, H,B,DD,ASD,b,AS,DOD)
[F(IOK.EQ.DIG0 TO 45

CONT INUE

CALL MOMENT(AXF,KC,XS,KSD,H,B,DD,ASD,D,AS,DDD, ICODE)
IFCIULT.EQ.1) GO TO 43
IF(FMP.GT.FM) THEN

FMU=FHP

PHIU=PHIP

WLT=1

ELSE

ENDIF

B-44

FHPHI
FMPHI
FHPHI
FMPHI
FMPHI

FMPHI ¢
FMPHI ©

FMPHI
FMPHI
FMPHI
FMPHI

FMPHI

FHPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMFHI

FMPHT =

FHERIT
FMPHI
FMEHI
FMPHI
FMPHT
FMPHI
FMPHT
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FRPHE
FMPH

FMPHT &

FMPHI
FHPHI
FMPHI
FHMPHI
FMPHI
FHMPHI
FMPHI
FMP#I
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FHMPHI
FHPHI
FMPHI
FMPHI
FMPHI
FHPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FHPHI
FMPH1
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FMPHI
FHPHI
FMPHI
FMPHI
FMPHI
FRPHIE
FMPHI
FMPHE
FMPHE
FHPHI
FuPHI
FHPHI
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3521
3522
i5e3
Jhek
55
3526
3527
3528
3529
3530
3531
3532
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544
3545
3546
3547
3548
3549
3550
3551
33552
3553
5554
3555
3558
3557
3558
3559
3550
3561
3562
3563
3564
3565
3566
3567
3368
3569
3570
3571
3572
3573
3574
3575
3576
3577
3578
3579
3380
3581
3582
3583
3584
3585
3586
3587
3588
3589
3590
3591
3592
3593
3594
3595
3396
3597
3598
3599
3600

[of

43 IF(EPSSD.GE.EPSCHM) GO TO 200
IFCFM.LE.G.75%FMY) GO TO 300
IFCEPSS.GT.1.5%EPSSUY GO TO 400
EPSSDP=EPSSD
EPSSP=EPSS
FiP=FM
PHIP=PHI

&G CONTIWUE

4G if{imem.eq.B)WRITE(30, 106} ¥,EPSC,EPSSD,EPSS,PHI, FH

200 DRA=(EPSCM-EPSSDP}/ (EFSSD-EPSSDP)

GO TO 500
300 DRA=(Q,7S*FMY-FMP)/(FM-FMP)

GO TO 500
400 DRA=(1.5*EPSSU-EPSSP)/(EPSS-EPSSP)
500 FMF=FMPDRAY ( FM- FMP)

PHIF=PHIP+DRAY (PHI-PHIP)

IFCIULT.EQ.D) THEN

FHU=FMF

PHIU=PHIE

FMF=0. 75*FF

PHIF=PHIF*1.5

ELSE

ERDIF

WRITE(30,100} Y,EPSC,EPSSD,EPSS,PHIF, FMF

EI=FMY/PHIY

P=CFMU~FMY )/ ((PHIU-PHIY Y*E1)
100 FORMAT(S{F10.5,2X},F£12.5)

RETURN

END

SUBROUTINE NUTAX(AXF , [CODE,KC,KS,KSD, ICK,EPS, H,B,DD,ASD,D,AS,DDD)

TMPLICIT REAL*8(A-H,0-2)

COMMON/WORK/W1(810},£5,PS, FSY,EPSSY  EPSSU, FSU, FC,RED, EC, PC, FCY,

1 EPSCY,EPSCU, FCU, EPSEM, PCP, F, FN, FNY,PST, PCT, PHI, FM,

EPSS,EPSC,EPSSD, Y, PSP, W2(72)

10K=0

RCY=EPSCY/EPS

RCU=EPSCU/EPS

RCM=EPSCM/EPS

RSY=FPSSY/EPS

RSU=EPSSU/EPS

GG TO{10,20), ICODE

10 EPSC=EPS
BETA=-AXF/(EC*EPS)

GAMA=0 .

KC=1
IF(EPS.GT.EPSCY )KC=2
IFCEPS.GT . EPSCUIKC=3
IFCEPS.GT.EPSCM) KC=4
G0 7O 30

20 EPSS=EPS

BETAZAXF/ (ECYEPS)
GAMA=AXF*D/ (EC*EPS)
K5=1
IF(EPS.GT.EPSSY 1KS=2
1F(EPS.GT.EPSSUIKS=3

30 KCY=KC+4*{ICODE-1)
KSY=KS+3*(1CODE- 1)
KSD1=KSD+2*(1CODE-1)

60 TO {40,50,46,48,40,50,67,69),KC1

40 ALFA=0,5%B
G0 TO 70

50 ALFA=0.5%B*(1-PCT*{1-RCY)*¥2)

GO TO 70

60 ALFA=DQ,5*B*(1-PCT%( 14RCY)*¥2)

BETA=BETA+B*D*PC1* (RCY+RCY*RCY )
GAMA=GAMA+B™ 5¥PC 1% (D¥RCY )#*2
GO YO 70

&6 ALFA=0.5%B*(1-PCT*(1-RCY)**2- (PC+PCPY* ¢ 1~RCUY**2)
6o TO 70

87 ALFA=0.5%B*(1-PCT* (1+RCY)**2- (PC+PCPI* ¢ T+RCUI¥*2)
BETA=BETA+B*D*(PC1* (RCY+RCY*REY 3+ (PC+PCP )* (RCU+RCU*RCU) )
GAMASGAMA+ . S¥B*D*D* (PC1*RCY*RCY+(PCH+PCEY*RCURRCL)
GO TO 7D

68 ALFA=0.5%B*{1-PC1%*(1-RCY }**2- (PL+PCPY¥*{1-RCUI**24

1PCP*(1-RCM)*#2)
6o 70 70
69 ALFA=0.5%B*(1-PC1*{1+RCY}**2« (PC+PCP)*{ 1+RCUY**2+
TPCP*( 1+RCH Y*%2)
BETA=RETA+B*D* (PLI*{RCY+RCY¥RCY 3+ ¢ PL+PLP y* (RCU+RCU*RCU} -
TPCP* (RCM+RCM*RCM) )

B-45

FMpH1 99
FHPHI 100
FMPHIT01
FRPHIT02
FEPHI 103
FHPHI104
FMPHI1G5
FMPHE108
FMPHI 107
FHPHIT(8
FMPHI 109
FMPHTIT10
FMPHITT1
FMFHIT12
FMPHIT113
FMPHIT14
FHPHITIS
FHPHITI6
FHPHI 117
FHPHITIE
FMPHI119
FMPHI120
FMFRI121
FMPHET22
FMPHETE3
FMPHT 124
FMPHI 125
FMPHI 126
FMPHI 127
HUTAX 1
RUTAX 2
RUTAX 3
KUTAX &
NUTAX 5
NUTRX &
NUTAX 7
KUTAX 8
NUTAX @
NUTAX 10
NUTAX 1%
HUTAX 12
HUTAX 13
NUTAX T4
HUTAX 15
NUTAX 16
HUTAX 17
NUTAX 18
HUTAX 19
HUTAX 20
HUTAX 21
NUTAX 22
HUTAX 23
HUTAX 24
RUTAX 25
RUTAX 26
KUTAX 27
HUTAX 28
NUTAX 29
NUTAX 30
HUTAX 31
HUTAX 32
HUTAX 33
WUTAX 34
NUTAX 35
HUTAX 36
KHUTAX 37
HUTAX 38
MUTAX 39
HUTAX 40
HUTAX 4%
NUTRX 42
NUTAX 43
HUTAX &4
KUTAX 45
HUTAX 46
HUTAX 47
NUTAX 48
HUTAX 49
HUTAX 50
NUTAX 51
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3601
3602
3603
3604
605
3606
3607
3608
3609
3610
3611
3612
3613
3614
%815
3616
3817
3618
3619
3620
36t
3&ee
3623
16k
365
3626
5647
3628
3629
3630
3631
3632
3653
3634
3635
3636
3637
3638
3639
3640
3641
3642
3643
644
3645
3646
3647
3648
3649
3650
3651
5652
5653
3654
5655
3656
2657
3638
3659
2660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670
3671
3672
3673
3674
3675
3676
3677
3678
3679
3680

79

80

90

106

110

120

130

135

140

145
150

160

176
180
190
200
205
210
220
230
231
232
249
259
260

270
1000

10

20

21

GAMASGAMAY . S*B+DAD* (FCTFRCYFRCY+(PC+PLP Y *RCUSRCU-PCPY
TRCM*ROM)

G0 TO (80,90,80,1003,K5D1

BETA=BETA+FN1*ASD

GAMA=GAMATFNT#ASD*DD

GO 1O 110

BETA=BETA+FHT*REYFASD

GO 10 110

BETA=BETA- FT*RSY*ASD

GAMA=GAMA- FT*RET*ASDAD

GO TOC120,1%0,13%, 120,140, 1453, KS1
BETA=BETA+FN*AS

GAMA=GAMA+FN*AS™D

60 10 150

BETA=BETA+FN*ASY (1-PST*(1+REY) )

GAMA=GANA+ FA*AS*PS*D

GO TO 150
BETA=BETA+FH*AS¥({1-PL1%{ 14RSY )~ (PS+PSP)*( 1+RSU))
GAMA=GAMA - EN*AS*PEP*D

GO TO 150

BETA=BETA+FN*AS*{1-PST#(1-REY))

GAMA=GAMA+EN®AS® (PS+PST*RSY )*D

GO TO 150

BETA=BETA+FN#AS*(1-PST#{1-RSY)- (PS+PSP)*(1-RSU))
GAMA=GAMAS FN*AS®{ -PEP+PST*REY+ (PS+PSPY*RSUY*D
DM=BETA**2+4 , *AL FA*GAMA

1F(DH.LE.D.3G0 TO 1000
Y=(-BETA+DSQRT (DM))/ (2. ¥ALFA)

TF((Y.LE.O).OR, CY.GT.H))GO TO 1000

GO TO(160, $70), 1CODE

PHI=EPSC/Y

EPSS=PHI*(D-Y)

GO 10 180

PH1=EPSS/(D-Y)

EPSC=PHI*Y

EPSSD=PHI*{Y-DD}

GO 70(190,200,205) ,KS

IF(EPSS.GT.EPSSY}GO TO 1000

60 TO 210

IF¢EPSS. LY. EPSSY.OR.EPSS.GT. EPSSU)IGO 10 1000

GO TO 210

IF(EPSS.LT.EPSSUYGO 1O 1000

GO TO(220,230,231,232),KC

IFCEPSC.GT.EPSCYIGO TO 1000

GO TO 240

IF((EPSC.LT.EPSCY).OR. (EPSC.GT.EPSCU))GO TO 1000
G0 TO 240

1F((EPSC.LT.EPSCU).OR. (EPSC.GT.EPSCM) GO TO 1000
50 TO 240

IF(EPSC.LT.EPSCHIGO TO 1000

GO TO (250,260), KSD

1E(DABS(EPSSD).GT.EPSCHM) GO TO 1000

80 10 270

1 (DABS(EPSSD).LT.EPSCH) GO TO 1000

RETURY

10K=-1

RETURM

£ND

SUBRCUTINE MOMEMT(AXF,KC,KS,KSD,H,B,DD,ASD,D,AS,DDD, ICODE)
IMPLICET REAL*B{A-K,0-7)

COMMON/WORK/WT{810} ,ES, PS, FSY,EPSSY,EPSSU, FSU, FC,RDD, EC, PC, FCY,

1 EPSCY, EPSCU, FCU, EPSCH, PCP, £, FN, FN1,PS1T, PCT, PHI, EM,
2 EPSS,EPSC,EPSSD, Y, PSP, W2(72)

GO TO (160,20,21,22),KC
CL=EC™ S*R¥YFEPSC
FM=CC*{DDD-Y/3.}
GO TO 30
Y1=(EPSC~EPSCY )/PHI
CCI=Y*y
CC2=Y 1*Y1%pC1
CON=EC*PHI*B* 5
CE=CON*(CCT-0C2)
FM=CON*(CC1%{DDD-Y/3.}-CC2%(DDD-Y1/3.))
GO0 TO 30
Yi=(EPSC-EPSCY )/PHI
Y2=(EPSC-EPSCUY/PHE
CCi=ywnp
CC2=pCiry ez
CCE=(PC+PCPY*Y2#*2
B--46

HUTAX
HUTAX
HUTAX
NUTAY
HUTAX

HUTAX ©

NUTAX
HUTAYX
MUTAX
HUTAX
HUTAK
NUTAY
NUTAX
HUTAX
HUTAX
NUTAX
HUTAX
HUTAX
HUTAX
HUTAX
HUTAX
RHUTAX
HUTAX
HUTAX
HUTAX
HUTAX
RUTAX
NUTAX
RUTAX
RUTAX
HUTAX
NUTAX
NUTAX
HUTAX
MUTAX
HUTAX
HUTAX
HUTAX
HUTAX
NUTAX
NUTAX
NUTAX
NUTAX
NUTAX
HUTAX
NUTAX
HUTAX
KUTAX

52

99

RUTAX 100
KUTAX101%
RUTAX10Z
RUTAX 103
RUTAX104
NUTAK105
NUTAX 106
NUTRXIOT
HUTAX108
HUTAX 109

MOME B
MOME N
MOME ¥
MOME b
MOME M
MOMEN
MOMEN
MOMEN
MOMEN
MOMEN
MOMEN
MOMEN
MOMEN
MOMEH
HMOMEN
MOMEN
MOMEN
MOMEN
HOMEN
MOMEN
MOMEN
MOMEN

%

oo R s SR % B

10
11
12
13
14
15
6
i7
18
19
20
21
22
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3681
3682
683
3684
3685
3686
5687
3688
5689
3658
3691
3692
3693
3694
5695
3696
3697
3698
2699
3700
3704
312
3703
3704
3705
3706
3707
3708
3709
370
37
3712
3713
374
3715
3716
3717
3718
37e
3720
3723
3722
3723

3724

3725
3726
3727
3728
3729
3730
3731
3732
3733
3734
3735
3736
3737
3738
3739
3740
3741
3742
3743
3744
3745
3744
3747
3748
3749
3750
375%
3752
3753
3754
3755
3756
3757
3758
3759
3760

C

[ ] zReRe]

[ ]

o0

22

36
40
50

55
60

80

85
90

200
300

10

20

36

120

CON=ECHPHI*R% .5
CO=CON*{CCT-C02-00%)
FH=CON*(CCT#(DDD-Y /3. )-CL2*£DDD-¥1/3, ) -CCF*(DOD- Y273, )
60 TO 30

Y1={EPSC-EPSCY3/PHI
Y2=(EPSC-EPSCU3/PH]
Y3=(EPSC-EPSCH}/PHI

Coimy#rz

CC2=PCey a3
CO3(Prapepyny ey

COL=PCPRY TR

CON=ECHPHI*B* .5
CO=CON*(CCT-CER2- 034004
FM=CON®(C0T%(DDD~Y /3, )-CC2%(NDD-Y1/3, }-COI*(DDD- Y273, )+
1CC4™ (DDD-Y3/3.)}

FHC=FH

80 TO(40,50,55),KS

T=ES*AS*EPSS

50 10 60
T=ES*AS*(PS15EPSEY+PS*EPSS)

GO TO &0
T=ES*ASH(~PSPHEPSS+PS1*EPSSY+(PS+PSPIEPSSU)
FHST=T*(D-DDD}

FH=FM+T*(D-DDD})

G0 TO (80,85), KSD
CS=FN1*ECHASD*EPSSD

GO 10 90

CS=FU1*EC*ASD*EPSSY
FHEC=CSE(DDD-DD )
FM=F#M+CS*(DDD-DD )

P1=CCCS-T

WRITE(S0,3003 PHI,FHC, FMST, FHMSC
TOL=. 0%

ERR=DABS{ANF-P1)

1F(ERR.LE.TOL }RETURN

PRINT 200

FORMAT(? GSOMETHING WRONG? )
FORMAT (4F10.4)

sTOP

END

SUBROUTINE STIF (MSTEP,NDOF,NINFC,COMS, FK,DFAC)
IMPLICIT REAL*B(A-H,0-Z)

COMMON/INFEL/ IMEW, IMEMD  KST ,KSTD, LM(6), LMD (5}, KGEOM, KGEQMD ,PSH,
KHYST,KHYSTD, FL, COSA, SINA,EAL A(2,6),ST(2,2),ECC(4),
KODY(23,X1(2),002),ALPHAR(2,2),E1(5,2,2),PHF(2,2),PHY(2,2),

PHEP(Z,23,PHI(2,7),RD3(2,2) ,RD4A(2,25 ,RD5(2,2), FHixM( 2,2},
PHXM(Z, 23, BRIY(Z,2),BMEP(2)  HYS(2),PPHI(2,2), BMMP , PHMX,
BMTOT(2),SFTOT(2),FTOT(2),PRTIOT(2),SENP(B}, SENN(8), TENP(B),

00 ~f O~ W B~ 4 D) —

REST{26}

COMMON/WORK/ GACG,6),PST(Z,2),DSTL2,2),ATK(6,2) ,AAC2,6),PFL AXK,

—

FFK{6,6),ELS(6,6),FAC,W{1457)

DIMENSION COM{T),COMS(13,FK(6,0)
EQUIVALENCE(IMEM, COM{ 1))

STIFFMESS FORMULATION, BEAM COLUMN ELEMENTS

DO 16 J=3,NIHFC
COM{Jy=COMS(J}

SAVE PREVIOUS FLEXURAL STIFFMESS

DG 20 1=1,4
PSTCI, 1¥=8T¢1, 1)

CURRENT FLEXURAL STIFFNESS, ELASTO-PLASTIC PART
CALL FSTF{mstep}

FF (MSTEP.LT.2) 60 TO 50

DO 30 1=1,4

DST(I, 1y=8T(I,13-PSTCI, 1}

CALL MULTST (A,DST,ATK,FK.6,2)

SAVE CURRENT FLEXURAL STIFFNESS FOR WEXT STEP

DO 40 1=28,31
B-47

PHU(Z,2),PHI(2), FR1(2,2),PHT(2,2), FMx(2,2),PHR{(2,2), FMp(2,2},

TEHN(B},PRACP(Z),PRACN(Z),SDACT{3) ,NODI , NODJ ,KOUTDT ,KOUTDTD,

MOHEN

MOMEN

MOMEN
MOMER
MOME R

MOMEN 2
MOMEN £

MOMEHR
MOMEHR
MOMEN
MOMEN
MOMEY
MOMEN
MCMEY

MOMER 3

MOMERN
MOKMEN
MOMEN
HMOMEN
MCMEN
MOMER
MOMEN
MOKE &
MOME R
MOME K
MOME K
MOME b
MOME
MOMEN

MOMEN o
HOMEN 5

HOMEN
MONEN
HMOMEN
MOME N
HMOMEN
MOMER
MOMEN
STIF
STIF
STIF
STIF
STIF
STIF
SYIF
STIF
STIF
STIF
STI¥
SYiF
SYIF
STIiF
SYiIF
STiF
STIF
8TIF
STIF
STIF
STIF
STIF
STIF
8TIF
ETIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
8TIF
§TIF
STIF
§TIF
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1761 L0 COMS{TI=COM(T STIF 4%
3762 DO 45 1=37,38 STIF 42
3763 45 COMSCIY=COM(I) STIF 43
3764 RETURN STIF 44
3765 ¢ STIF 45
3766 C ORIGIMAL STIFFNESS AT STEP O, BETA-O CORRN AT STEP 1 STIF 46
3767 C STIF 47
3768 50 FAC=1, STIF 48
3769 IF (MSTEP.EQ.1) FAC=DFAC STIF 49
3770 DO 60 1=1,4 STIF 50
3771 60 DSTCI,1)=ST¢1,T)*FAC STIF 5%
3772 CALL MULTST ¢A,DST,ATK,FK,6,2) STIF 52
3773 IF (FAC.EQ.0.) GO 70 90 STIF 53
I7Th EALSEAL*FAC STIF 54
3775 AXK=EAL *COSA**2 STIF 55
3776 FKCH, 1)=FKLT, 1)+AXK STIF 56
3777 FK(T,4)=FK(T, 4)-AXK STIF 57
3778 FK(4 4 )Y=FK(4 , & 1+ANK STIF 58
3779 AXK=EAL*SIHA®*2 STIF 59
3780 FK(2,23=FK(2, 7 }+AXK STIF 60
3781 FK(2,5)=FK(2,5)~ANK STIF 61
3782 FK(5,53=FK(5,5 }+ANK STIF 62
3783 AXK=EAL*SINA*{OSA STIF 63
3784 FK(E,23=FK(1, 2)+AXK STIF 64
3785 EK(1,5)=FK{1,5)-AXK STIF 65
3786 FK(2,4)=FK(2,4)-AXK STIF 66
3787 K4, 5)=FK(h, 5I+AXK STIF 67
3788 IF ¢ELCC1).EQ.1,23456E10) 6O TO 70 STIF 68
3789 EC3=COSA*ECC(3)-SINAYECCST) STIF 69
3790 EC4=SIHAYECTL2)-COSA®ECELA) STIF 70
3791 AXK=COSA*ECT*EAL STIF 71
3792 FK(1,33=FK(1,3)-AXK STIF 72
1793 FK(3,43=FK(3, 6)+AXK STIF 73
3794 AXK=STNATEC3*EAL STIF 74
3795 FK(2,3)=FK(2,3)-AXK STIF 75
3796 FK(3,5)=FK(3,51+AXK STIF 76
3797 FK(3, 3)=FK(3, 3IEALRECT**2 STIF 77
3798 AXK=COSA*ECAYEAL STIF 78
5799 FKCT,8)=FK(1,6)-AXK STIF 79
3800 FK(4,6)=FK{h,6)+AXK STIF 80
3601 AXK=SINA*ECL*EAL STIF 81
3607 FK(2,6)=FK(2,6)-AXK STIF 82
3803 FK(5,6)=FK(5,6)+AXK STIF &3
3804 FK(3,63=FK(3,6)+ECE*ECL*EAL STIF 84
3805 FK(8,6)=FK(6,6)+ECL**2*EAL STIF 85
1806 EAL=EAL/FAC STIF 86
7807 70 DO 80 [=1,6 STIF &7
3808 DO 8% J=i,b STIF &8
1809 80 FK{J,13=EKCI,J) STIF 89
3810 ¢ STIF 90
3811 C ADD GEOMETRIC STIFFWESS STIF 91
3812 ¢ STIF 92
3813 90 IF ¢MSTEP.EQ.0.0R.KGEOM.EQ.0) GO TO 120 STIF 93
3814 PFL=(COMS( 134)-COMS(133))/2. STIF 94
3815 DG 100 11,36 STIF 95
3816 GACI,1)=0. STIF 96
5847 100 ELS(I,13=0, STIF 97
1818 CN=PFL/30. STIF 98
3819 CI=CH%36. /FL STIF 99
1820 £2=CH*3, STIF 100
3821 C3=CN*4  *EL STIF 101
3822 Ch=CH*EL STIF 102
3823 ELS(2,2)=CH STIF 103
3824 ELS(2,3)=C2 STIF 104
3825 ELS(2,5)7-C1 STIF 105
3826 ELS(2,63=C2 STIF 106
3827 ELS(3,3)=C3 STIF 107
3828 ELS(3,5)=-C2 STIF 108
3829 ELS(3,6)=-Ch STIF 109
3830 ELS(5,5)=C1 STIF 110
3831 ELS(E,6)=-02 STIF 111
3832 ELS(6,6)=C3 STIF 112
3833 ¢ STIF 113
3834 GACY, 1)=COSA STEF 114
3835 GA(T,2)=SINA STIE 115
3836 GAC2,1)=-SINA STIF 116
3837 GA(2,2)=COSA STIF 117
3838 GAL3,3)=1. STIF 118
3839 GA(4,4)=COSA STIF 119
3840 GAL4,5)=SINA STIF 120
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3841
3842
3843
3844
5845
3846
384T
3848
iB49
3850
3851
3852
3853
3854
3855
386
3857
3858
3859
3860
3861
3862
3863
3864
3865
1866
5867
5868
3869
3870
3871
3872
3873
3874
3875
3876
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887
3888
3889
3890
381
3892
3893
3894
3895
3896
3897
3898
3899
500
39061
3962
3903
3904
3905
3906
3907
3908
3909
3910
3911
3912
3913
3914
3915
3916
3917
3918
3919
3920

e eRel

el o]

105

110

22

30
40
50
&0

70

72

08~ O~ W1 4l B e

GACS,4)=-STNA
GALS,5)=008A
GALB, 63=1.

Do 105 1=1,6
DO 105 d=1,6
ELSCJ, T3=ELS(I, §)

CALL MULYST (GA,ELS,ATK,FFK,4,6)
DG 110 I=1,36

FKCE, 12=FKCT, 1y+EFKCT, 1)

6o TO 120

END

SUBRCUTIRE FSTF (MSTEP)

IMPLICIT REAL*S (A-H,0-2)

FORM 2*2 FLEXURAL STIFFNESS

COMMON/ INFEL/ IMEM, TMEMD ,KST, KSTD, LM(6), LHD(6) , KGECH , KGEOMD , PSH,
KHYST KHYSTD,FL,COSA,SINA,EAL ,A(2,6),58T(2,2),ECCC4),
KODY(2},%¢2),0(2) , ALPHAPC2,2),E1 (5,2, 2),PHE(2, 2}, PHY (2, 2,
PHU(Z, 2}, PHIL2Y, FH1(2,2),PHI(2,2), FX(2, 2), PHX(2,2), FMp(2, 2),
PRp(2,2) ,PHr(2,2),RD3(2,2),RD4L2,2) RDS(2, 2), FHXM(2, 23,
PHXM(Z,23,BMIY{2,2),BMEP(2)  HYS{2) , PPHT(2, 2}, BMMD, BHMY,
BMTOT(2Y,SFTOT(2),FYOT(2), PRTOT(2), SENP(B), SENN( B}, TENP(8),
TENN(B),PRACP(2), PRACN(R), SDACT(3},HOD T, KOD 4, KOUTDT ,KGUTDTD,
REST{26)

USE THE COMCEPY OF PLASTIC HINGES

FLZSFL**2

FL3=FL**3

1CI=KODY (1)

ICJ=KODY(2)
GE=DABS(Q(1))
QJ=DABS(Q(2))
FMI=BMEP(T}

FMJI=BHEP (2)
FMT=DABSCFMI1-FMJ}

80 TO (10,20,30,30,30%, ICI
X1=0.

£0 TO 40

IF¢FMIYZR, 21,21
FMYI=BMIY(1,1)
KI=DABS(FHE- ERY T 3/FHTEL
TFCXT.GT.X¢T) X1 3=X1
FFO(ELLEXCTIIXT=XCT)

G0 TO 40

FMYT=BMIY(2,1)
KI=DABSCFMI-FMY1 )/ FMT*FL
TECXT.GT.XC1 33X )=X]
TFCXTLLE.X () 3XE=X (1)

GO TO 40

KI=X(1)

60 TG (5C,70,50,50,603,1C)
Xd=0.

G0 TO 75

Hd=X{2)

6O 10 75

IE(FMJT2,71,71

FMY J=BMIYET,2)
KJS=DABS ( FM.I-FMYJ ) /FMT*FL
TFOXS.GE.XC2)IX(2)=X
FFOXJ LT X2 =X (2)

GO TO 75

EMY J=BMIY(2,2)
XJ=DABS( FMJ- FMYJ)/FMT*FL
TFOXJLGE.X(2)IN(2)=)d
TPOEd LT X223 =X(2)

75 TFC{XI+XJY.LE.FLIGO TO 80
75 PFCXI.GT.FL/2.) XI=FL/2.

IFERJLGT.FL/2.) MJd=FL/2.
XI=FL/2Z.

Kd=X1

X1I=RI

X(2)=Xd

80 E1E=ET(1,1,1)

KN=1. /(3 RELE®FL2)
QIt=QI-1.
Qdt=ad-1.
B3-49

STIF
STIF
STIF
STIF
STEF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
STIF
FSTF
FETE
ESTF
ESTF
FSTF
FSTF
FSTF
FSTE
FSTE
FSTF
FSTF
FSTF
FSTF
FSTE
FSTE
FSTF
FSTF
FSTF
FSTF
FETF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
ESTF
FSTF
FSTF
FSTE
FEFF
FSTE
FETF
ESTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTE
FSTF
ESTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTF
FSTE
FSTF
FSTF
FSTF
FSTF
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3921
392
3923
3924
29e5
5906
3907
398
3909
F9E0
395%
3952
3933
3934
3935
3936
3957
3938
A9Ee
19460
3941
3942
3943
3944
3945
3946
3947
L9068
3949
3950
3951
5952
3953
5954
3955
3956
3957
3958
3959
3960
3961
3962
3963
3964
3965
3966
3967
3968
3969
3970
3en
3972
3973
3974
3975
3976
977
3978
3979
2980
3981
3982
3983
3984
3985
3986
3987
3988
3989
3990
3991
3992
3993
3994
3995
3996
997
3998
o099
4000

o

ooy

e N e Nel

(]

10

20

31

39

12004 T*HS553-01 T4 FL-XT)** 3401 *FL3)*XX FSTF
FR2=(QI T*XE*¥3-00 1% (FL-XJ )**3+QU*FL3)*XX FSTF
Fi2=- (QATRNSER% (1 S%FL-XJ )+ FSTF

i QUIEKI**2% (1 STEL-XT J+FLI¥0_5 %KX FSTF
DET=F11%E22-F10%512 FSTE
ST(1, 1)=F22/DET FSTF
8T(2,2)=F11/DET FOTE
ST(1,2)=-F12/DET ESTF
S§T(2,1)=87¢1,2) FSTF
RETURN FETF
END FSTF
SUBROUTINE RESP fNQﬁF,NIRFC,KBAL,KPR,CGNS,DDISH,SQ,T[ME,VELM,Q?AC,RESP

1DELTA, ELDAM, ELHYS) RESP
IMPLICIT REAL*B(A-H,0-2) RESP

RESP
STATE DETERMINATION, EEAM COLUMMN ELEMENTS RESP
RESP

COMMON/THFEL/IMEM, IMEMD , KST,KSTD,LM(6), LMD (6}, KGEOM, KGEOMD ,PSH,  RESP

1 KHYST,KHYSTD, FL, COSA, SINA,EAL ,ACR,63,5T¢2,2),ECCC4), RESP
2 KODY(2),MI(ZY,Q(2),ALPHAP(Z,23,EI(5,2,2),PHF(2,2),PHY(2,2), RESP
3 PHU(Z, 23, PHI(ZY, FMT(2,2) ,PHI(2, 2}, FHx(2,2) ,PHX(Z,2) ,FMp(2,2), RESP
4 PHpLZ,2),PHr(Z,2),RD3{2,2),RD4{2,2),RD5(2,2), F¥xM(2,2), RESP
5 PHxM(2,23,BMIV(Z,2),BMEP(2),HYS(2),PPHIC2,2), BMHP, PHMX, RESP
& BMTOT(2),SFTOTL(Z),FTOT{2),PRTOT(2},SENP{B), SENN(B Y, TENP(B), RESP
7 TENK(B), PRACP(Z: PRACN(2},SDACT(3),NODI , NODJ, KOUTDT ,KQUTDTD, RESP
B INSLP(2,2),DAM(2),FMF1(2,2},RAC(2,2),FMDAC2,2), IDAM(2,2), RESP
9 PHDALZ,2), FMbom(2,2) RESP
COMMON JWORK/GA(G, 63, DVR(2) ,DBM(2} ,BBMTOT(2), BKL(2),DUM(E), RESP

1 BMEL{2),DVAX,DFAX, FACAC, FAC,DSF,BMIUR, BMJUB, SFUB,KT(2), RESP
2 KBL{Z23,WI(T78),DPR(2},NPU(2) ,FACTOR, islop(2,2),W2(64) RESP
COMMON/THIST/ITROUTC10), THOUT(29) , 1THP, ISAVE ,KELTH,NSTH, KF7,1SE  RESP

COMMON/PASS/ IGR,ISTEP, DUMP(4), ISYM, ISYMD RESP

COMMON /D AMAGE /KDAMAGE , ITDAM, KIDAMT , HNSKEP  NSSKIP,NGSKIP, GLHYS, RESP

TGLDAH RESP
COMMOR/AUTC/KAUTO, KAUTOD , KECG, KECOD , NDSGH, NDSGND , KFREG , KFREQD, RESP

T DBALL,DCALL DBSTD, CONC, STEEL , 1ECC, BMAVG , BMDEY, 1CORY RESP
RESP

DIMENSION COM{1),COMS(T),DDISM(T),DDCT),VELMC 1), KOB(2), ISLP(2) RESP

EQUIVALENCE (IMEM,COM(1)), (NODT, HCD(T)) REGP

RESP

b 10 J=1,MINFC RESP

COM{J)=COMS(4) RESP

[F (IMEM.EQ.7) IKED=0 RESP

RESP

DEFORMATICH INCREMENTS RESP

RESP

IF (ECC{1).EQ.%1.23456E10) 60 TO 20 RESP

BRISHET 3=DDISM(13-ECC(3)*DDISM(3) RESP

DDISM(23=DDISM(2)+ECC{T)*DDISM(E) RESP

DDISMC4I=DDISM(L Y -ECC(4 ) DDISMEE) RE&P

DDTSM{S y=DDISM{S )+ECC(2Y*DDISM(6) RESP

DVAX=COSA™ (DD ISM(4 ) -DDISMC 1) 3+SINA*(DDISM(5 ) -DDISK{2)) RESP

RUT=(SINA*(DDISM(4L)-DDISM(1))+COSA® (DDISM(2)-DDISM(5) 3 3/FL RESP

DYR{T3=DD 1883 y+ROT RESP

BYR(2)=DDI1SH{S)+ROTY RESP

RESP

AXTAL FORCE INCREMENTY RESP

RESP

DFAX=EAL*DVAY RESP

FTOTCE)=FTOT{1}-DFAX RESP

FTOT(23=FTOT{Z »+DFAX RESP

RESP

LINEAR MOMENT INCREMERTS RESP

RESP

DBM(TI=8T{T, 1)*DVRETI+ST( 1, 2*DVR(2) RESP

DBR(2)=8T(1, 21 DVR(1I+ST(2,2)*DVR{2} RESP

BML (T I=BMEP{ 1 3+DBM(1) RESP

BML (2 )=BMEP(2)+DBM(2) RESP

BHEL{ 1 y=BMTOT(1)-8MEP (1} RESP

BMEL(2)=BMTOT(2) ~BMEP(2) RESP

RESP

do 31 j=1,2 RESP

do 31 i=1,2 RESP

islop{i, j)=inslp(i, |3 RESP

RESP

20 30 1=1,2 RESP

CALL STATECDBM{IY,T,KT(I),KBLCIY) RESP

RESP

do 32 j=1,2 RESP

do 32 i=1,2 RESP
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4001 32 inslp(i, jy=isiop(i, ) RESE 70
4902 ¢ RESP 71
4003 TF(KDAMAGE.LT. 1) GO TC 37 RESP T2
4004 IFCISLPCTY.HE. 1. AND . TSGLP(2).HE. 1) [ISLP=1 kREsp 73
4005 ELHYS=HYS(T)+HYS(2) RESP 74
4006 ELDAM=DAMCTY*HYS( T )+DAMC2I*HYS(2) RESP 75
4007 C RESP 76
4008 37 ¥BAL=0 RESP 77
4909 TFCKBLCTY.NELD AND KBLC2Y  NE . OIKBAL=1 REsP 78
4010 C RESP 79
4011 C PLASTIC HINGE ROTATIOHN RESP B0
4012 C RESP 81
4013 IF(KODY(1})-2) 40,50,60 REEP A2
4014 50 DPRCTI=DVR{IFDVR(ZI*ST(Y,2)/8T¢1, 1) RESP 83
4015 60 DPRCTIDVR(T} REEP 84
4016 40 IF(KODY{(2)-23 45,55 65 RESP 85
40%7 55 DPR{ZI=DVR(ZI+DVR{T)*ST(1,23/57(2,2) RESP 86
4018 65 DPR{2)=DVR(2) RESP  BY
4019 45 CONTINUE RESP BB
4020 C aEsp 89
4021 C UPDATE ACCUMULATED PLASTIC HINGE ROTATION RESP @0
4022 C RESP 91
4023 DO 80 1END=1,2 RESP W2
4026 EF(NPWCIEND).EQ.0)GD TO 80 RESP 93
4025 DPPR=FACTOR*DPR({ IEND ) RESP 94
4026 PRTOT{IEND )=PRTOT (IEND }+DPPR RESP 95
4027 IF(DPPR.LT.0) GO YO 90 RESP 96
4028 PRACP ( TEND )=PRACP{ LEND )+DPPR RESP 97
4029 GO YO 80 REsk 98
4030 90 PRACH{IEND }=PRACN(IEND )+DPPR RESP 09
4631 GG TO 80 RESP 100
4432 803 CONTINUE RESP 101
4033 g RESP 102
4034 c ELASTIC AND TOTAL FORCES RESP 103
4035 C RESP 104
4036 BBMTOT (Ty=BMTOT(1) RESP 105
4037 BBMTOT(2)=BMTOT(2) RESP 106
4038 BMTOT(T)=BMEP(1)+BMEL(T) RESP 107
4039 BMTOT (2)=BMEP(2)+BMEL(2) RESP 108
4040 DEF=(BMTOT (1} -BBMTOT (13+BMTOT(2) -BBHTOT(2))/FL RESP 109
4041 SFTOT(1)=8FTOT(1)+DSF RESP 110
4042 SFTOY(2)=8FTOT(2}-DSF RESP 114
4043 C RESP 112
4044 C UNBALANCED LOADS DUE TO YIELD RESP 113
4045 C RESP 114
4046 BMIUB=0. RESP 115
4067 BMJUB=0. RESP 116
4048 FOUB=D0. RESP 117
4049 IF (KBAL.EQ.0} 0O 70 210 RESP 118
4050 BMIUB=BML{1}-BMEF(1) RESP 119
4031 BMJUB=BML(2)-BMEP{Z} RESP 120
4052 C : RESP 121
4053 C DEFORMATION RATES FOR DAMPING RESP 122
4054 C RESP 123
4055 210 IF (DFAC.EQ.0.0.AND.DELTA.EQG.C.0) GO TO 240 RESP 124
4056 I¥ (TIME.EQ.Q.) [0 TO 250 RESP 125
4057 KBAL=1 RESP 126
4058 IF (ECC(1).EQ.1.23456E103 GO TO 220 RESP 127
4059 VELM{T)=VELM( 1) - ECCCI)*VELM(E) RESP 128
4060 VELWM(Z2)=VELM(2)+ECC{I*VELN(3) RESP 129
4061 VELM{A)=VELM(4 ) ECCCAI*VELM(H) RESP 130
4062 VELM{S3)=VELM(5 )+ECC{2)*VELM(S) RESP 131
4063 220 DVAX=COSA®(VELM(4)-VELMCT))+SINA*(VELM(S ) -VELM(2)) RESP 132
4064 ROT=( STNA*(VELR(4)-VELM(T) y+COSA*(VELM(R) -VELM(S) )Y /FL RESP 133
4065 DVR(T)=VELM(Z)+ROT RESP 134
4068 DVR{2)=VELM(6)+R0OT RESP 133
4067 C RESP 136
4068 C BETA-O DAMPING RESP 137
4069 C RESP 138
4070 IF (DFAC.EQ.0.} GO TO 230 RESP 139
4071 FAC=DFACH(T./(1.-PSH}} RESP 140
4072 BMIUB=BMEUB+{ST(T, 1)*DVR{T13+ST{1,2¥*DVR{2)}*FAC RESP 141
4073 BMJUB=BMJUBH(ST{ T, 2 y*DVR{1)+ST(2, 2 Y*DVR{2})I*FAL RESP 42
4074 FOUB=EAL*DVAX*DFAC RESP 143
4075 C RESP 144
4076 C STRUCTURAL DAMPING LOAD RESP 145
4077 C RESP 146
4078 230 1F (DELYA.EQ.0.) GO 7O 240 RESP 147
4079 SDMI=DELYA*DABS(BMTOT {1} }*DSIGN{1.D0,DVR(1}} RESP 148
4080 SDMJ=DELTA*DABS(BMTOT{2))*DSIGH{1.D0,DVR(2}} RESP 149

B-51
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4081 SBFO=DELTA®DABS{(FTOT(1)+FTOT(2))/2.D0)*DSIGHC .60, DVAY) RESP 150
4082 BMIUB=BMIUR-SDMI+SDACTLTY RESP 157
4083 BHJUB=BMJUB-SDMI+SDACT(2) RESP 152
4084 FOUR=FOLB-SDFO+SDATT (%) RESP 153
4085 SDACT (1 )=5DMI RESP 154
4086 SDACT(23=8DMJ RESP 155
4087 SDACT {3 =SDF0 RESP 1%

4088 C RESP 157
4089 C SET UP UNBALANCED LDAD VECTOR RESP 158
4090 C RESF 159
4091 240 1F {KBAL.FQ.0) GO TO 250 RESP 160
4092 SFUB=¢BMIUBHBMJIURB) /FL RESE 161
400% DH{ ] y=-SFUB*SINA- FOUB*EOSA RESP 162
4094 BD{Z)=SFUB*COSA- FOUR*STNA RESP 163
4095 PDE3I=BMIUB RESE 164
4096 DD {4 3=-DDCTY RESP 165
4097 DD{5)=-DD(2} RESP 166
4098 DD (63=BMIUB RESP 167
4099 IF ¢ECCCT).ER.1.23456E10) GO TO 250 RESP 168
41090 DDEE Y00 (3)-DDLT Y*ECC{E DD 2I*ECL (1) RESP 169
4105 DIEAI=D0{EI-DD {4 Y*FCCL4Y+DD (5 Y*ECC(2) RESP 170
4902 C RESF 171
4103 C EXTRALT ENVELOPES RESP 172
4504 [ RESF 173
4105 250 DO 270 1=1.8 RESP 174
4106 S=EMTOTCI) RESP 175
4107 iF (S.LE.SENP{I}} GO TO 260 RESP 176
4108 SENP{I}=3 RESP 177
4109 TENP(I}=TIME RESP 178
4110 260 IF (S.GE.SENN(I))} GO YO 270 RESP 179
4111 SEMK(I¥=8 RESP 180
4117 TERM(T )=TIME RESP 181
4113 270 CORTINUE RESP 182
4114 C RESP 183
4115 C PRIKT TIME HISTORY RESP 184
4114 ¢ RESP 185
4117 ISAVE=0 RESP 188
4118 IF (KPR.LT.0} GO TO 280 RESP 187
4119 IF (KPR.EQ.0.CR.KOUTDY.EQ.0) GO TO 350 RESP 188
4120 IF (ITHP.GT.1} GO TO 320 RESP 189
412% 280 IF (IHED.ME.D} 60 TO 300 RESP 190
4122 KKPR=1ABS(KPR) RESP 191
4123 PRINT 290, KKPR,TIME RESP 192
4124 290 FORMAT(///18H RESULTS FOR GROUP,I3, RESP 193
4125 i 30H, BEAM COLUMN ELEMENTS, TIME =,F8.3///5X, RESP 194
4126 2 SH ELEM, &)X, 4HNODE 3%, 5HYTELD, 86X, THRENDING, 7X, SHSHEAR, RESP 195
5127 3 X, SHAXIAL, 12K, 23HPLASTIC HINGE ROTATIONS/SX, RESP 194
4128 4 5H  HO.,4X,4H NO. ,3%,5H CODE,6K,7H MOMENT,7X,SHFORCE, RESP 197
4129 5 X, 5HFORCE ,8X, THCURRENT , 6X, 9HACC. POS., 3%, PHACC. KEG./) RESP 198
4130 IHED=T RESP 199
4131 300 PRINT 310, IMEM,(NOD{T},KODY(I),BMTOT(E)Y,SFTOT(I),FYOT(1),PRTOTCIIRESP 200
4132 1,PRACP{I),PRACKCLY,1=1,2) RESP 201
4133 310 FORMAT (19,18,17,3X,3F12.2,3%,3F12.5/9%,18,17,3X,3F12.2,5%,3F12.5)RESP 202
4134 C RESP 203
4135 C SET TIME HISTORY DATA IN /FTHIST/ RESP 204
4136 C RESP 205
4137 320 IF (ITHP.LT.1.OR.KOUTDT.EQ.G) GO 71O 350 RESP 206
4138 KKPR=IABS(KPR) RESP 207
4139 FTHOUT T y=KKPR RESGP 708
4140 ITHOUT(2)=2 RESP 209
4141 ITHOUT(3 )=1MEM RESP 21D
4142 ITHOUT (4 )=KODY( 1) RESP P11
4143 ITHOUT(S 3=KODY(2} RESP 712
IATAA ITHOUT (6)=NOD1 RESP 213
4L145 ITHOUT (7 3=NCD RESP 214
4946 Do 330 i=1,8 RESP 215
4347 330 THOUT(II=BMTOT{I) RESP 216
4348 Do 340 I=1,4 RESP 217
4149 340 THOUT(1+8)=PRACPCI) RESP 218
4150 THOUT(13)=TIME RESP 219
4751 {SAVE=T RESP 220
4152 G RESP 221
4153 C SET INDICATOR FOR STIFFHESS CHANGE RESP 222
4954 C RESP 223
4155 350 K$7=0 RESP 224
4156 IFCKT{1) NE.O.OR.KTC2) . HE.DIKST=1 RESP 225
4157 C RESP 226
4158 C UPDATE INFORMATION IN COMS RESP 227
4159 C RESP 228
4160 COMS2y=COM(2} RESP 229
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&161
4162
4163
5164
4165
4166
4167
4168
4169
4170
4171
4172
4173
4174
4175
4176
&377
4178
&£179
4180
4181
4182
4183
4184
4185
4186
4187
4188
4189
4190
4191
4192
4193
4194
4195
4196
4197
4198
4199
4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
4216
6217
4218
4219
4220
4221
4222
4223
4224
4225
4226
4227
4228
4229
4230
4231
4232
4233
4234
4235
4236
4237
4238
4239
4240

DO 369 4=36,215 RESP 230
360 COMS(EY=COM(JY FEEP 231
RETURY RESP 232

END RESP 233
SUBRODUTINE STATE (DM, IE,XSTT,KBAL) STATE 1
IMPLILIT REAL*B(A-H,0-2) STATE 2
ETATE 3

FIKD THE CORRESPONDING STAYE OF A HYSTEREYTIC CURVE STATE 4
STATE 5

COMMON/ TNFEL/ IMEM, IHEMD , XST,KSTD, LM{6), LMD (6, KGEOM, KGECMD ,PSH,  STATE 6

1 KHYST KHYSTD,FL,COSA, SINA,EAL,A(2,6),5T(2,2),ECCL4), STATE 7

2 KODY(2Y,XI(2)Y,Q02) ,ALPHAP(2,2),E1(5,2,2),PHF{2,2),PRY(2,2), STATE 8

3 PHU(2,2),PHICR)Y, FMI(2, 2, PHI(2, 2y, BMF(2,2),PHx(2,2) , FHp(2,2), STATE ¢

4 PHD(R2,2),PHP(2,2) RD3(2,2),RD4(2, 2} ,RO5(2,2), FMxM(2,2), STATE 10

5 PHXM(2,23,BMIY(Z,2), BMEPC2)  HYS(2), PPHIC2, 2), BMMP, PHMX, STATE 11

[ BMTGT(2),SFTOT(ZY, FTOT(23,PRTOT(2),SENP{B), SERNN(B) , TENP(8), STATE 12

7 TEMH(8) ,PRACP(2) ,PRACN(2),SDACT(3 ), HODI NODJ, KOUTDT, KCUTDTD, STATE 13

8 INLP(2,2) DAM(2),FMFI{2,2),FAC(2,2), FHDA(2,2), IDAM{2,2), STATE 14

& PHDALZ,2), FMxxM(2,2) STATE 15
COMMON/WORK/WT¢B840) ,DPRE2 Y NPW(2 )Y, FACTOR, INSLPE2,2) DUME2), ISHT, STATE 16
TKISHT DFM, W(59) , OHEGA STATE 17
COMMON/PASS/IGR, ISTEP, NSTEPS, KVARY , NBLOK, KSTAT , KDDS , KW, IDUMCZ2Y,  STATE 18
T1SYH, ISYMD STATE 19
COMMON/DAMAGE /KDAMAGE , I TDAM, KIDAMT , NNSKIP, HSSKIP, HGSKIP, GLHYS, STATE 20
1GLDAM STATE 21
COMMON/AUTO/KALTO, KAUTOD , KECO, KECOD , HDSGH , NDSGND , KFREQ, KFREQD, STATE 22

1 DBALL,DCALL,DBSTD,CONC, STEEL, 1ECO, BMAVG, BMDEY, [ CONV STATE 23
STATE 24

1SHT=0 STATE 25
15LP=0 STATE 26
NPW{IE}=0 STATE 27
FACTOR=1.0 STATE 28
DHYS=0.0 STATE 29
ICTE=KODY¢IEY STATE 30
17=2 STATE 31
1Y=1 STATE 32
{F(BMEP(IE}.LT.0.)1Y=2 STATE 33
PFCIY.EQ.2)1T=1 STATE 34
DPHI=DM/EICKODY(IEY, IY,IE) STATE 35
FMDM=BMEP( 1E ) +DM STATE 36
STATE 37

GO TO(100,200,300,400,5003, ICIE STATE 38

100 {F(FMDM.LT.BMIY(IE, 1) AND.FMDM.GT.BMIY(IE,2}) GO TO 710 STATE 39
NPW{IE}=1 STATE &40
KODY (IE}=2 STATE 43
1Y=1 STATE 42
iT=2 STATE 43
1F(FMDM.LT.0.)1Y=2 STATE 44
IF(IY.EQ.2)IT=1 STATE 45
CALL OVRSHT(IMEM, £, KCDY(IE} BMEP(IE),BMIY(IE,IY), FMDM, PRI (IE),DPHSTATE 46
11,EICT, 1Y, 1E),EI¢2, 1Y, IE),DHYS, NODI  NODJ,KHYST, ICIE) STATE 47

GO TO 700 STATE 48
STATE 49

200 IF(BMEPCIEY*DPR{IE}.LE.D.D) WPW(IE}=0 STATE 50
IF(BMEP(IE})202,201,201 ETATE 5%

201 IF(DM}203,710,710 STATE &2
202 IF(DM)710,710,205 $TATE 53
203 CALL SLOPE(IE) STATE 54
IF(FMDM}230,211,21 STATE 55

205 CALL SLOPE(IE) STATE 56
IFCFMDM)211,211,230 STATE 57

211 KODY(IE}=3 STATE 58
DPHI=DM/EI(KODY(IE),1Y,1E} STRTE 59

GO TO 700 STATE 60

230 Fy=1 STATE 61
P7=2 STATE 62
FF(BMEP(IEY. LT.0.01Y=2 STATE &3
FECIY.EQ.2)IT=1 STATE &4
STATE 65

250 PFCINSLPCIE, IY).EQ. 1) GO TO 260 STATE 66
KODY(IE)=4 STATE 67
IDAM{IE, 1Y)=2 STATE 68
CALL GVRSHT(IMEM,IE,KODY(IE),BMEPCIE),O.,FMDM,PHICIEY,DPHI,EI(3, 1YSTATE 69
1,1E,E1C4, IT, IE), DHYS, NODI NODJ,KHYST, ICIE) STATE 70
EF{DABS(FMDM) . LT.DABS(FMp(IE,IT))) GD TO 700 STATE 71
KODY { [E)=5 STATE 72
CALL OVRSHT(IMEM,IE,KODY(IE),0., FMp(IE,IT),FMDM,PHICIEY,DPHI,E1{4,STATE 73
TET,IE},EI(5,1T,IE),DHYS, NODI  NODJ,KHYST, ICIE) STATE 74
[F(DABSCFMDM) . LT.DABSCFMIM{IE, 1T)}) GO TO 700 STATE 75
KODY(1E)=2 STATE 76
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4241
4242
Leh3
Lobt
L2465
L2465
4247
L24B
42469

250
4254
4252
£253
4284
L2535
L56
LiBT
4258
459
460
4761
4262
L1638
bLobh,
4265
Lo
L26T
LA68
4269
4270
4271
4272
4273
4274
4275
4276
4277
L2TH
42TG
4280
4281
4LeB2
4283
4284
4285
4286
4287
4788
4289
A0
491
4292
L2293
429
4295
4296
4297
4298
4299
4300
4301
4302
4303
5304
4305
4306
4307
4308
4309
4310
4311
4312
4313
4344
4345
4316
317
4318
4319
4320
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269

300

301
362
303
306
326

304 IF(DABS{FMDM).LT.DABS{FMICIE,IY))) GO TO 710

350

360

370 IE{DABS(FMDM).LE.DABS(BMIY{IE,IV)}) GO T0 700

400
401
402
403
405

£11

450

CALL OVRSHT{IMEM, IE WODY{IE), FMpCIE, [Ty, FMIOMCIE, 1Ty, FUDM, PRICIE ), STATE 77

TDPHE ETLS, 1T, IEY, EI(E, 1T, IE)  DHYS, NOD T, NOD S, KHYST, ICIE)

56 10 700
KODYCIE =4
IDAMCIE, TY)=2

STATE 78
STATE 79
STATE 80
STATE @9

CALL OVRSHT(IMEM, 1£ KODY(IE) BMEPCIE), ., FMDH, PHICIE), DPHI,EI(3, IYSTATE 82

TLIEY,EECL, T, 1EY, DHYS, NODT, NODJ, KHYST,
TFEDABSCEMDMY LT DABSCRMIYOIE, ITY)) GO TO 700

KODYCIE =2

TCIES

STATE 83
STATE 84
STATE &85

CALL OVREMT(IMEM, IE KODY(TE),O., BMIY(IE, ETy, FMDM, PHECEE) ,DPRI BT (4STATE #6

1,07, 1B, E1(2, 17, 1Ey DHYS NODT, NODJ, KHYST, ICIE)

GO 1O 7O0

IF(RMEPCTEYSDPR(IE . LE,0.0) NPH(IE}=0
TF(BMEPCIEY 3302, 307,301

1E(DM}303, 710,304

TFCDMY304, 710,506

TECEMDMIZR0, 710,710

IFCFMDMI 710,710,320

1y=1

17=2

VF(BMEP(IE).LY,0,3iY=2
1F(IY.EQ.2)1T=1

IF(BMEP(IE*PHr(IE, 1Y).CE.0.} B0 TO 250

KOBY(IE}=5
IDAM{IE, IY)=2

STRTE BF
ETAYE 88
STATE B9
STATE 90
STATE 91
ETATE 92
ETATE 93
STATE %4
STATE 95
STATE 96
STATE 97
ETATE 98
ETATE 99
STATE G0
STATE 109
STATE10Z

CALL OVRSHT(IMEM, I1E KODY(IE),BMEP(IE) 0., FMDM,PHICIEY,DPHI,EI(3, IVETATEYO3

1, 1EY,EE(5,17,1E), IHYS, HOD T, KODJ, KHYST,
IFCDABSCFMDMY.LT.DABSCFMIOMIE, 1T)1) GO 1O 700

KODY(1E =2

1CIED

STATETO4
STAYETOS
STATENGE

CALL OVRSHT(IHEM, bE KODY(IE), Q. FMXOMH(YE, ET)  FMDM PHICIE Y DPHI,EI{STATEIOY

15,17, 0EY, ET(2, 1T, 1E),DHYS, NOD T, HOD 4, KHYST, 1C1E)

60 TO 700

IF(BMEP{TEY*PHr{IE, FY).LT.0.) GO TO 350

FE=(PHICIE, EY)-PHYCIE, EYII*EL(R, IV, IEPBRIY(IE, IY)

IF{DABS(FMDMY .GE. DABS(FF}} GG TC 350

KODY(IE)=5

STATET08
STATEL09
STATETTD
STATET1T
STATET12
STATETI3
STATE114

CALE OVRSHT(IMEM, IE KODY(IEY, BMEPCIE)  FHTCIE IY), FMDM, PRI CIE), DPHISTATE TS

1,E1(3,1Y,[EY,ET(5,1Y, 1}, DHYS, NOD 1, HODJ, KRYST, ICLE)
TF(DABS(FMDM) . 1T.DABSCFMGMCIE, 1Y))) GO TO 700

KODY{IEy=2

STATEY 6
STATEYE7
ETATEYYS

CALL OVRSHT(IMEW, IE KODY(IED, FMYCEE, IYY, FMXMOIE, 1Y), FMDM, PHICIE Y, STATE D

1DPHYLEF(5, 1Y, 1E),E1(2, 1Y, 1E),DRYS, NODT, NODJ, KHYST, ICIE)

GO 70 700
KODY(IE =2

STATET20
STATEZ2T
STATETZ22

CALL CVRSHT(IMEM, IE KODY{IE) BMEPCIEY, FHI(IE, 1Y), FMDM, PHI{IE) ,DPHISTATET2S

1,E1¢3,1Y,16),E1(2, 1Y, 1E) ,DHYS, NOD1,NODJ,KHYST, ICIE)

GO TO 700
KODY(IEy=4

STATE1Z4
SYRTENDS
STAYETZ6

CALL OVRSHY(IREM, IE,KODY(IEY, BMEPCIEY, FMTCEE, IY ), FMDM, PHICIE Y DPHISTATEDT

1,E1(3, 1Y, 1E) ,E1{4, 1Y, 1E),DHYS,NODI, NODJ, KHYST, ICIEY

IFCINSLPCIE, IT).EG. 1Y GO TO 370

TF(DABSC{FMDHM) . LE.DABS{FMp{IE, IY))) GO TO 700

KODY(LE}=5

STATE 128
STATE 129
STATETS0
STATET ST

CALL OVRSHT{IMEM, 1£,KODY(IEY, FMTCIE, IY), FMp(IE, 1Y), FMDM, PHI(IE Y, DPSTATE 132

THEET(A, 1Y, LEY,ET(5, 1Y, EEY,DHYS, NODT ,NODJ, KHYST, ICIE)
TF(DABS(FMDM) . LT .DABSCFMxxXM{TE,1Y})) GO 70 700

KODY(1E)=2

STATE133
STATETS4
STATE135

CALL OVRSHT(IMEM,TE,KODY(IE), FRPCIE, 1Y), FMoM(IE, 1Y), FMDM, PRICIE) , STATE156

TOPHILET(S, EY, 1EY, EL(2, 1Y, IE),DHYS, NODT , NODJ  KHYST, ICIE)

GO 1O 700

KODY(IE)=2

STATES?
STATE138
STATE 139
STATE 140

CALL OVRSHT{IMEM, JE, KODY(IEY, FMECIE, 1Y), BMIY(IE, 1Y), FoDM, PHI(IE)  DSTATE 141

TPHE,EICA, IV, IEY,ETC2, 1Y, IE ), DHYS, NODT, NODJ, KHYST, ICIE)

GO TO 760

LFEBMEP(TEJ*DPREIE).LE.D.0) NPW{IE}=0
LFCBMEP (1E Y402, 401,401
[F(DMI403, 710,404
1F(DMY&04, 710, 405

EALL SLOPE(IE)
IF(FMDMY4A50, 411,411

CALL SLOPE(IE)
IFCFMDMI&TT, 411,450
KODY(TE)=3
DPHI=DM/ET(KODY(1E)Y, 1Y, IE)
GO TO 700

1y=1
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STATET4Z
STATE143
STATET44
STATE14S
STATE 146
STATE1LT
STATE148
STATE 149
STATE150
STATETS]
STATETS2
STATETS3
STATES4
STATESS
STATEYS6
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4321 IT=2 STATETSY
4322 [F{BMEP(IE).LT.0.)17=2 STATE 158
4323 IFCIY.EQL2Y IT=] STATE1S®
4584 KODY (IE)=5 STATE16N
4325 IDAMCIE, IY)=2 STATE161
4326 CALL OVRSHTCTMEM,TE,KODYCIE),BMEPCIE),O., FMDM,PRICIEY,DPHI,E1(3, IYSTATE16?
£327 1,1E),EI(5, 1T, 1E3,DHYS, KODI,NODJ, KKYST, ICIE) STATE 163
4508 TF(DABS(FHDM) . LT.DABSCFROMCIE, IT3)) GO TO 700 STATE 166
6529 KODY{1E)=2 STATE 165
4330 CALL OQVRSNT{IMEM, [E, KODY(IE),O. FMxXM(I1E,17), FMDM,PHI(IE},DPHI,EI(STATE166
4331 15,17, 1E) E1€2, 1T, [£5,DHYS, NODI, NODJ  KHYST, ICIE) STATE167
6332 G0 TO 700 STATE168
4333 404 IFCINSLPCIE,IT).EQ.1) GO TO 480 STATE 169
4334 IF(DABS(FMDM).LT DAES{FMp(IE, [Y)}) GO TG 710 STATEN7C
4355 KODY(1E)=5 STATET71
4336 CALL OVRSHT(IMEM,IE,KODY(IE),BMEPCIEY, FMp(IE, 1Y), FMDM, PHI(IE ), DPRISTATE7?
4337 1,EIC4, 1Y, 1E),EIC5, 1Y, 1E),DHYS, OD1, NODJ , KHYST, ICIE) STATE1TS
4338 TFCDABS(FMDM) L T.DABS{ FRXXMCIE, IY))) GO TD 700 STATE174
4339 KODY([E)=2 STATE175
4340 CALL OVRSHTCIMEM, 1E,KODYCIE),FMpCIE, 1Y), FMXxMCIE, 1Y), FMDM,PRICIE), STATE 176
4341 1DPHILEL(5,1Y,1E),E1(2,1Y,1E),DHYS, NOD T, HOD Y, KHYST, ICIE) STATEN77
4342 G0 TO 700 STATE178
4343 460 [F(DABS(FMOMY.LT.DARS(BMIY¢IE,IY))) GO TO 710 STATET9
4364 KODY( 1E)=2 STATE180
4345 CALL OVRSHT(IMEM,IE,KODY(IE),BMEPCIE),BMIY(IE, 1Y), FMDM,PHECIE), DPHSTATE 181
4346 11,EIC4, 1Y, 1E) EE(2,1Y,1E),DHYS, NODE, NODJ, KHYST, ICIE) STATE182
4347 GO TO 760 STATE183
4348 C STATE184
43549 500 TF{BMEP(IE)*DPR(IE).LE.D.0} NPW{IE}=0 STATE 185
4350 IF(BMEP(1E))502,501,501 STATE 186
4351 501 1F(DM)503, 710,505 STATE187
4352 502 FF(DM)505,710,504 STATE 188
4353 583 CALL SLOPECIE) STRTE189
4354 TF(FHDM3530,511,511 STATET90
4355 504 CALL SLOPE(IE) STATE191
4356 IFCFMD®Y511,511,530 STATE19?
4357 511 KODY(IE)=3 STATE193
4358 DPHI=DM/EI (KODY¢IE), 1Y, IE) STATE 194
4359 G0 TO 760 STATE195
4360 530 Iy=1 STATE196
4361 17=2 STATE197
4362 IF(BMEP(IE).LT.0.} 1Y=2 STATE198
4363 TECIY.EQ,2)1T=1 STATE 199
4364 6O 10 250 STATE200
4365 505 1y=1 STATEZOT
4366 17=2 STATEZDR
4367 IF(BMEP(IEY.LT.0.) fY=2 STATEZO3
4368 IFCIY.EQ.2)IT=] STATE 204
4369 IF(DABS(FHDM).LT.DASS(FMxxMCTE, 1Y))) GO TG 710 STATEZ05
4370 KODY(IE}=2 STATEZ06
4371 CALL OVRSHT(IMEM,IE,KODY(IE),BMEPCIE), FMxxM(IE, IY), FMDM,PHI(1E),DPSTATEZ07
4372 THI,EE(5, 1Y, IE) EI(2,1Y, 1E),DHYS,NODY ,NODJ, KHYST, ICIE) STATEZ08
4377 80 TO 700 STATEZOD
4374 c STATEZ10
4375 700 KSTT=1 STATEZ1]
4376 710 PHICIEY=PHI{IE}+DPH!I STATE212
4377 ¢ STATEZ13
4378 C COMPUTE THE ACCUMULATED DAMAGE INDEX STATEZ 14
4379 © STATEZ15
4380 TF¢KDAMAGE.LT. 1) GD TO 800 STATEZ16
4381 IY=1 STATEZ17
4382 iT=2 STATE218
4383 IFCBMEPCIE).LT.0.) IY=2 STATEZ19
4584, IFCIY.ER.2Y IT=1 STATE22Q
4385 € ISHT: CHECK OVERSHOOTIMG, I.E. IF ISHT=1, PASSED SUBROUTINE STATEZ?1
4386 ¢ SFOVRSHT . STATEZ22
4387 FFCISHT.NE. 1) DHYS=DPHRI*( FMDM+BMEP(1E)) /2. STATE??3
4385 [FCISHT.EQ.T) DHYS=DHYS+DPHI*DFM/2. STATE2Z4
4389 HYS(IEY=HYS(IE }+DHYS STATEZZS
4390 ¢ STATE226
4391 IFCISTEP.EQ.NSTEPS) GO TO 801 STATEZZT
4392 IF(DABS(FMDACIE, 1Y)} .LE. DABS{FMer)) GO TO 802 STATEZZ8
4393 TFCIDAMCIE, IY}.HE.2) GO TC 899 STATEZR0
4394 BO1 OMEGA=FACCIE,IY) STATEZS0
4395 RPHI=PHDA(IE, IY)/PHF(IE, IY) STATEZ3]
4396 TFCCTY.EQ.13.AND. (PRDACIE, 1Y)LLE.PHY(IE, 1Y))) GO YO 863 STATEZ32
4397 IFCCIY.EQ.2).AND. (PHDACIE, IYY.GE.PHY(IE,1Y))) O TO 862 STATEZ33
4398 FHcr=E1¢2, 1Y, IEY*PHDA(IE, 1Y) STATEZ34
4399 FMFTCIE, IY)=FMFCIE, 1Y )*DSORT (2. *RPHI/(RPHI+1.0)) STATEZ35
4400 AA=PHDACIE, IY)-PHYCIE, 1Y) STATEZ36
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4401
4402
4403
4404
4405
4406
4407
4408
4409
4410
4611
4442
4413
AT
4435
4416
4447
4418
4419
4420
6421
4422
44623
4424
4425
4426
4427
4428
4429
4430
6431
4432
4433
4434
4435
4436
4437
4438
4439
4440
bbb
4442
4443
4hhk
4645
4446
LE4T
4448
Lhb9
4450
4454
4452
4453
4454
4455
4456
4457
4458
4459
4460
4461
4482
4463
446k
4465
Lb6h
4467
4468
4469
4470
4471
4472
4473
4674
4475
L4T6
4477
4478
4479
4480

c

[w]

o

802

930

o
*

800

AF=PHECIE, TY)-PHYCIE, 1Y)

DDFM=(AF*E1(2, 1Y, TEVPBMEY(LE, 1Y)~ FUF(IE, [Y)I¥CAA/AF Y *OMEGA
FITT=BMIY{IE, LY )HRA%ETL2, 1Y, 1E)

FNi=(FMiT-FHFi1E, TY33/DDFM+1
RATLIO=(PHFCIE, 1YY PERCIE, IT) )/ (2 %PHrCLE, IY))
IF¢RATIO.EQ.0.0) GO TO 802

DEHOM=1.D0/ ¢ FMi - (FNi-1)*DDFM/2.)*DABS(RATIO}
ALPHA=FMDACIE, IY ) *DENOHM

DAM{IE »=DAM(¢ LE ) +ALPHA/DINT (FNi)

IDAKCIE, 1Y)=0

IF¢(DABSC(PHDACIE, 1Y)y .LE. DABS{PHF(IE,1Y}}) GO TO 800
PRINT 930, IGR,IMEM,1E,PHDALIE, 1Y) PHF(IE, 1Y)
FORMATC/// 7 1CURVATURE EXCEEDED THE FAILURE CURVATURE'/

10X, FGROUP? ,5X, 'MEMBER’ ,5), ' CURVATURE® ,5X, 'FATL CURVATURE' /

10X, 13,70, 13, /7, 11, 6%, F9.5,5%, F10.3)

BMEP(IE y=FMDH

1¥=1

TF{BMEPCIE).LT.0.031Y=2

GO TO{811,812,813,814,813) ,KODY{IE)

811 aUiEy=1.

812
813
814

815
900

1
1111

910

i

1
1

1

1
100

OGSOV B LN —

1

GO 10 900

QCIEI=EL(1,1Y,1EY/EI(2,IY,IE)

GO TO 900
GCIEY=ETC1, bY, TEY/CEI(3, 1Y, TED*RD3B(IY, IED)

60 TO 900
QUIEI=F1CT,1Y,1E)/CEIC4, 1Y, IEY*RDACIY, 1E))

GO TO 900
QIEI=EI¢1, 1Y, 1E)/CEI(S, IV, IEY*RDSCIY, 1E))
IF(NOD I .NE.KHYST.AND .HODJ .NE.KHYST) GO TO 910
WRITE(16,1111)IMEM, ISTEP, ICIE, IE,KODY( IE), BHEPC1E),
PHICIE)Y,EICKODY(IE), IV, IE)

FORMAT(515,3E12.4)

RETURN
END

SUBRCUTINE OVRSHT (IMEM,1E,KODY,BMEP,BHY,FM,PHI,DPRI,E1t,EI2,DHYS,

NODE , HODJ KHYST, ICTE)

IMPLICIT REAL*8(A-H,0-2)

COMMOK /DAMAGE /XDAMAGE , I TDAM, KIDAMT , HNSKIP, NSSKIP NGSKIP,GLHYS,
GLDAM

COMMON / AUTO/KAUTO, KAUTOD , KECO, KECOD , HDSGN , NDSGND , KFREQ, KFREQD,
bBALL,DCALL ,DBSTD, COKC, STEEL , IECO,BMAVG, BMDEV, ICONY

COMMON /WORK/W1(840) ,DPR(2) ,HPW(2) ,FACTOR ,DUM(4), 1SHT ,KISHY ,DFH,
W60}

CONSIDER OVERSHOOTING PROBLEMS

ISHT=1

[ FM=FM- BRY

DPRI=DFM/EL]

DOPHI=(BMY-BMEP }/ET 1

PHI=PHI+DDPHI

FM=BMY+DPHI*E]2

T F(KDAMAGE . GE . 1)DHYS=DHYS#{ B¥Y+BHEP y*DDPHI /2.
TFCNODT . EG.KHYST.OR_NDDJ.EQ.KHYST)WRITE(16, 100} IMEM, ISTER, [CIE,
1E,KODY , BMY, PHE,E12

FORMAT(S15,3€12.4)

RETURN

EHND

SUBROUTINE SLOPE(IE)

IMPLICIT REAL*B(A-H,0-2)

COMPUTE SLOPE OF HYSTERETIC CURVE AT EACH TIME STEP

COMMON/ INFEL / [MEH, IMEMD ,KST,KSTD, LMC6), LMD(6 ), KGEOM, KGEOMD, PSH,
KHYST,KHYSTD, FL,COSA, SINA,EAL,A(2,6),58T(2,2),ECC(4),
KODY(2),X1(Z),Q(2), ALPHAP(Z, 2),E1(5,2,2),PHF(2,2},PHY(2,2),
PHU(2,2),PHI(2), FM1(2,2),PH1(2,2),BMF(2,2),PH(2,2),FMp(2, 2},
PHP(2,2),PHr(2,2),RD3(2,2) ,RD4(2,2),RD5(2,2), F4xM(2,2),
PHXM(2,2),BMIY(Z,2),BMEP(2), HYS(2),PPH1(2,2) , BHMP, PHMX,
BMTOT(2),SFTOT(2), FTOT(2), PRTOT(2), SENP(8}, SENN(8), TENP(8),
TENN(8), PRACP(2) ,PRACN(2),SDACT(3),NOD1, NODJ, KOUTDT ,KOUTDTD,
TNLP(2,2),DAMCZY, FMFI(2,2), FRC(2,2), FMDA(2,2), IDAN(2,2),
PHDACZ,2), FMxxM(2,2)

COMMON /WORK /W1 (840) ,DPR(2) ,NPW( 2}, FACTOR, inslp(2,2), W2 (63)

COMMON /PASS/ 1GR, ISTEP, HSTEPS, KVARY , NBLOK ,KSTAT , KDDS, KM, DUM( 1),

1SYM, 1SYMD

COMMON /DAMAGE /XDAMAGE , I TDAM, KIDAKT , NNSKIP, HSSK1P , NGSKIP, GLHYS,
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STATEZST
STATEZ238
STATEZ39
STATEZAO
STATEZLS
STATEZ242
STATE243
STATEZ44
STATEZAS
STATERLS
STATEZAY
STATEZ48
STATEZ4L9
STATEZS0
STATEZS
STATEZS2
STATEZ253
STATEZS4
STATEZOS
STATESSS
STATE257
STATEZ58
STATEZSY
STATEZ2&0
STATE26Y
STATE262
STATE263
STATE264
STATEZ265
STATEZ66
STATE267
STATEZ68
STATEZ269
STATEZTD
STATEZ7Y
STATEZ7?2
STATE273

OVRSH
OVRSH
OVRSH
OVRSH
OYRSH
CVRSH
QVRSH
QVRSH
OVRSH
OVRSH
OVRSH
OVRSH
OVRSH
OVRSH
OVRSH
QVRSH
OVRSH
OVRSH
QVRSH
OVRSH
OVRSH
OVRSH
OVRSH
OVRSH
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE

—
owEe~NetwuENn =

PRI PI DI N = =2 3 3 =3 —B -2 -
WM = O ENW W

™
DO~ SN =

10

12
13
14
15
16
17
i8
19
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44681

4482
4483
4484
4485
4486
4487
4488
6489
4490
4691

4492
4493
4494
4495
44696
4497
4498
6699
4500
4501

4502
4503
4504
4505
4506
4507
4508
4509
4510
4511

4512
4513
4514
4515
4516
4517
4518
4519
4520
4521
4522
4523
4024
4525
4526
4527
4528
4529
4530
4531
6532
4533
4534
4335
4536
4537
4538
4539
4540
4541
4542
4543
4544
4545
45468
4547
4548
4549
4330
4551
4552
4553
4554
4555
4556
4557
4558
4559
4560

16

20

30

40

45

1GLDAM
CGMHON/AUTG/KAUTG,KAUTOD,KECO,KECOD,NDSGN,HDSGND,KFREQ,KFREQD,
i DBﬁLL,DCALL,D!STD,CGNC,STEEL,[ECG,BMAVG,BMDEV,ICONV

£C=,5

CCl=1.-CC

IULT=0

IFCBMEP(IE) }20,10,10
11=1

12=2

GO TO 30

[1=2

12=1

FM1(IE, F1)=BMEP{IE)
PHICIE, IT)=PHICIE)
EMu=FMXMCIE, 12}
PHR=PHXM(IE, 12}

omega=fac(ie,iz2)

Ps=EI{2,1,1E}/EI(1,1,1E)
FHO=PS/(1.-P5)*(?H1(IE,K1)*E!(1,E1,IE)"$M1(I£,I1))
PHO=?./(1.~PS)*(PH1(I§,I1}'FM1(I§,IT)/EI(j,I1,IE))

IFCIDAMCIE, 11).EQ.1) GO TO 40
IF(DABS(PHXY.EQ.DABS(PHY(IE,12))) GO TO 40
IF(DABS(FHDA([E,!2)).LE~DABS(PHDA(]E,]2)*EI(2,[1,IE)}) GO TO 4G

AA=PHX-PHY(IE,12)

AF=PHE(IE, 12)-PHY(IE,I2)
DFM=(AF*EI(2,I?,IE)+BMIY(IE,IE)‘SMF(IE,IZ))*(AA/AF)**omega
FMXM{IE, I2)=F¥x~DFM

STF=FMxM(IE, [2}/PHxX

IF(STF.LE.EIC2,11,EE)} THEN

FHX=PHX*EI(2,11,1E3*1.0005

FHxM( 1E, 12)=FMx

TULT=T

ELSE

Elp=( FMxM{IE, 123~ FM0)/(PHX-PHo)

EII=1/(EIp~E!(2,!1,IE))
PszEE]*(BM[Y([E,i?)-FMo-PHY(IE,I2)*EE(2,11,EE}+PHO*E[p}
FMX=EIp*E!i*(BMIY(EE,EZ}‘FMD+(PHO-PHY([E,32))*E1(2,11,IE})+FMO
ENDIF

CT={FMx-FMo)/({PHx-PHo)

IF(DABS(FHo).GE .DABSCFMT(IE, 1T) ). AND.KODY(IE).EQ.5) GO 10 45
IF((BMEPCTEY*PHO.LT.0.).0R. (1ULT.EG. 1)) THEN
EI(3,11,1E)=EI1(3,11,1E)

IFCEL(3,11,1E).EQ.0.) EI(3,11,IE)=EI(1, 11, IE)

PHRCIE, 11Y=PHICIE, 113~ CFMICIE, [1)/E1(3,11,1E))
IF(PHr(IE,11).EQ.0.0) PHr(IE, 11)=DSIGK(1.DO,PHICIE, 11))%0.0005
ELSE

PHICIE, I1)=PHo- FMo/C1

SLOPE
SLOPE
SLOPE
SLOPE

SLOPE ¢

SLOFE

SLOPE 2
SLOPE ¢

SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE

SLOPE

SLOPE

SLOPE

SLOPE
SLOPE
S5LOPE
SLOPE
SLGPE
SLOPE
SLOPE
SLOPE
SLOPE
SLGPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE

IF(DASS(PH?(iE,ET))WLE.DABS(PHr(iE,ZZ}).ANQ.{PHr{IE,I1)*PHr{IE,IZ}SLOPE

13.67.0.0) PHR(IE, I1)=PHr(IE,12)

TF(PHr(IE, 11).EQ.0.0) PHr(IE,11)=DSIGN(1.D0,PHo)*0.0005
FFCFMICIE, T1).EQ.0,0)THEN

EI(3,11,1E)=E1(3,11,1E)

PHrCIE, I1)=PHI(IE, 1)

LFCPHPr(IE, 11).6Q.0.0) PHr(IE,11)=DSIGNCT.DO,PHICIE, 11))*D.0005
£LSE

EI1(3,11, [EY=FRICIE, I1)/CPHICIE, 11)-PHr(IE, 11))

ENDIF

EWDIF

RD3(I1,IE)=EK(1,I1,IE}/(CC1*E§(3,I1,IE)+EE*EI(1,I1,IE))
TFCDABS(FMx).EQ.DABS(BMIY(IE,I2))) 60 TO 60

TF(KODY(IE).EQ.4) GO TO 70

EEI=FMx/(PHX-PHF(1E,11))

PHIN=Phr(IE, 11Y*EEL/CEEI-EI(1,12, IE))
FMN=EL (1,12, [E}*PHIN
ALFA=ALPHAP(IE, 12)

FMPUIE, 12)=ALFA*FMn

PHDCIE, 12)=ALFA*PHIR

EI(4, 12, IEY=FMpCIE, 12}/ (PHPCIE, 123-PHr(IE, 11})
RDACIZ, TEY=EX{1,12,1E)/(CC1*ET (4,12, LE)+CC*EICT, 12, 1E))
B-57

SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE
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4561

6562
4563
4564
4565
4566
4567
4568
4569
4570
4571

4572
4573
4574
4575
4576
4577
4578
4579
4580
4381

4582
4583
4584
4585
4586
4587
4388
4589
4590
4591

4592
4393
4594
4395
4596
4597
4598
4599
4600
4601

4602
4603
4604
4605
4606
4607
4608
4609
4610
4611
4612
4613
4614
4615
4616
4617
4618
4619
4620
4621
4622
4623
4624
4625
4626
4627
4628
H629
4630
4631

4632
4633
4634
4635
4636
L6317
4638
4639
4640

&0

70

E1(5, 12, TEY=(FHx- FMp{IE, 1233/ (PHx-PHpLIE, 12))

RDS¢I2, IEYSEICY, 11, EE)/(CCT*ET(5, 12, IEY+CC¥ER(T, 11, 1E))
GO TO 80

EI¢4, 12, 1E)=FMx/{PHX-PHr{IE, 1))

RD4(12, 1EY=E1(¢1, 11, [E3/¢CCT*ETI(4, 12, IEY+CC*EL(T, 11, 1E))
GO TO 80

E1{5,12,1E)=FMx/ (PHx-PHr(1E,11})

RD5(I2, 1EY=E1¢1, 11, IE}/CCCT*EL (5,12, 1E)+CCYEI(T,11,1E))

SLOPET00
SLOPE101
SLOPETG2
SLOPETO3
SLOPE 104
SLOPE105
SLOPE106
s1.OPE107

80 1F(DARS(PHTCIE, 113 ).GE.DABS{PHM{IE, T1)).AND . (PHTCIE, IT)*PHXM(IE, ISLOPETO8

10

100

20

30

40

50

1133.GT7.0.0) THEN

FMxMCIE, 113=FMI(IE,11)

PHXM(IE, 11)=PH1CIE, 11}

ELSE

ENDIF

IF(IDAMCIE, 11) .EQ. 0) FMxxM(IE,12)=FMx
FMDACIE, 11)=FMI(IE,I1)

PHDACIE, 113=PHICIE,11)

IDAKCIE, 11)=1
IF(DABS¢FMXMCIE, 11)3.GT .DABS(BMIY(IE, 11))) INSLPCIE,12)=0
RETURN

END

SUBROUTINE FNFQ (NEQ,ST,FM,M, W1, SHP1)
IMPLICIT REAL*B(A-H,0-Z)
COMMON /WORK /A (2500)

DIMENSION ST(1),FMC1),M(1),SHP1(1)
IWKAR=2500

MBAND=1

DO 10 1=2,NEQ

NBAND=M{I}-H{I-1)
IF(NBAND . GT . MBAND YMBAND=NBAND

CONT IHUE

NBAND=NEQ*MBAND - [WKAR

1F¢{NBAND.LE.0)GO TO 15

PRINT 10C,NBAND

FORMAT(//¢ ** EXECUTION TERMINATED IN SUBROUTINE FRFQ ***7 /,

.7 WORK AREA EXECEEDED BY 7,15}

STOP

NBAND=NBAND+]IWKAR

DO 20 1=1,NBAKD

ACTY=0.

AC1I=ST(T)

REQT=NEG- 1

DO 30 1=2,NEQ
MN=M(1)-M(1-1)

DO 30 J=1,NH

JI=MCI-1)+d

KK=1+(NN- J)*NEQT
ACKKY=ST(IJ)

NSTIF=12

KMASS=13

NT=14

HF=1

COFR=100,

1FPR=0

SCALE=1.E-8

AHORM=0.

PO 40 1=1,NEQ
AHORM=ANORM+ST (M( 1) )*SCALE
ANORM=ANORM/NEQ

REWIND NSTIF

REWIND HMASS
WRITE(NSTIF)CACL), 1=1,NBAND)
WRITE(HMASS)(FH(i}, 1=1,NEQ)
¢ALL FREQSCNEQ,MBAND,NF,CDFQ, [FPR,ANORM,NSTIF,NMASS NT, A, WKAR)
TPI=8.*ATANC1.0)

REWIND NT

READ (T 41

READCHT J(SHP(1},1=1,HEQ)
Wi=W1/TPL

bO 50 1=2,NEQ

SHP1¢1 Y=SHP1¢ 1 3/SHP1{T)
SHP1(13=1.

RETURN

END

SUBROUTINE FREQS(NEQ,MBAND,NF,COFQ, IFPR, AHORM, MSTIF, KMASS, NT A,

TIWKARY

IMPLICET REAL*B(A-H,0-Z})
DIMENSION A(1)
TPI=8.%ATANC1.0)
COFQ=COFQ*TPI

SLOPET0%9
SLOPE110
SLOPETTH
SLOPETTZ
SLOPE113
SLOPE114
SLOPE115
SLOPE116
SLOPE1T
SLOPET18
SLOPET19
SLOPE120
FNFG 1
FHFE 2
FHFR 3
FNFQ 4
FFQ@ B
FHNFQ 6
FuFQ 7
FNFQ 8
FNFG 9
ENFG 10
FNFQ 11
FRFG 12
FNFG 13
FNFQ 14
FHFQ 15
FNFG 16
ENFG 17
FNF@ 18
FHFQ 19
FNFQ 20
FNFQ 21
FHFQ 22
FHFQ 23
FNFQ 24
FNFQ 5
FNFG 26
FNFQ 27
FNFQ 28
FNFO 29
FNFQ 30
FNFQ 31
FHFQ 32
FHF@ 33
FHFQ 34
FiFQ  Z5
ENFG 36
FNFG 37
FHFR 38
FNFQR 39
FEFQ &0
FRFQ 41
FHFQ 42
FHFQ 43
FNFQ 44
ENFQ 45
FNFG 46
FNFQ 47
FNFQ 48
FNFQ &9
FNFQ 50
FNFQ 51
FNF@ 52
FHFg 53
FREQS 1
FREQS 2
FREQS 3
FREQS 4
FREQS 5
FREQS &
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4641
4642
4643
4644
4645
4646
4647
4648
4849
4650
4651
4852
4653
4654
4655
4656
4657
4658
4659
)
4661
4662
4663
466k
4665
4666
4667
4668
4669
4670
4671
4672
4673
4674
4675
4676
4677
4678
4679
4680
4681
4682
4683
4684
4685
4686
4687
4688
4689
4690
4691
4692
4693
4694
4695
4696
4697
4698
4699
4700
4701
4702
4703
4704
4705
4706
4707
4708
4709
4710
4711
4712
4713
4714
4715
4716
4717
4718
4719
4720

(o]

[ B4 ]

C
c
C

COFQ=COFQ*COFQ

NIM=3

K¥YM=5

NO=HMF+NIM
HCA=NEQ*MAXOCMBAND , NC)
WZ=1+NCA

N3=NZ+NEQ

N&=H3+NEQ

W =N&+NED

NE=HS+NEQ
N7=HE+HEQ*NVM
HB=NT7+HEQ¥KYY
NG=NB+NC

N10=NO-+KC

N1 T=NT0+RC
H12=N11+NC
HNNN=H12+NC- [WKAR
IFCHNNNL.LE.0YGD TO10
PRINT 150, HKNH

-7 WORK AREA E£XCEEDED BY 7,15)
STOP

.ANORM, COFQ,NSTIF  HMASS, NT}
RETURN
END

SUBROUTIKE SECNTD (A,B,V,MAXA,W,VV, W, ROOT, TIM, ERRVL, ERRVR,

Page: 59

150 FORMAT{//' ** EXECUTION TERMINATED IN SUBROUTINE FREQS *%¢ /

10 CALL SECNTD{A(T),ACHZ2),A(N3) ACNA)Y, ACNS),ACHE) ACNTY,
CACHB)  ALNDY ACNTOY, ACNTT ), ALNT2), NEQ, MBAND  HF NC,

IFPR,

INITE, M, MA, NROOT ,NC, 1 FPR, ANORM, COFQ, HSTTF  NMASS, NT)

IMPLICIT REAL*B(A-H,0-2)

BIMENSIOR ACN HC) BON), VL), W(Y), VN, 1), WH(N, 1),

TTIM(T) ERRVLCE)  ERRVR( 1), NITECT) , MAXACT)

THE FOLLOWING TOLERAKCES ARE SET FOR THE I1BM 37D
ACTOL=1.0D-04
RCBTOL=1.D-05
RTOL=1.0D-10
RQTOL=1.0D-12

WTF=5
TITEM=10
HITEM=60
HVM=6

REWIND WY
REWIND NMASS
READ (NMASS) B

ETA=2.0
NOV=0
JR=1
NSK=0
HUA=NFHA

CHECK FOR SINGLE DEGREE-OF-FREEDOM SYSTEM

IF (N.6T.1) GO TO 5
TE(B(1).GT.0.) GO TG 7
WRITE(S,3000)

STOP

REWIND NSTIF

READ(HSTIF)Y AC1,1)
ROOTC1)=ACT, 13/B(1)
NSCH=1
ACT,1)=1.0D0/DSART(BC1))
GO TO 950

FIRST STARTINS VALUE

5 CONTINUE

RA=0.0
RR=0.0

CALL BANDET (A,B,V, MAXA,N, NWA,RA,NSCH,DETA, ISCA,

FA=DETA
[A=1SCA
[R=ISCA
{SCR=ISCA

FR=FA

DETR=DETA

B-59

ROOT(T),

1,M5T1F)

FREQS
FREQS
FREOS
FREQS
FREGS
FREGS
FREGS
FREGS
FREGS
FREGS
FREQS
FREQS
FEEGS
FREQS
FREGS
FREQGS
FREQS
FREQS
FREQS
FREQS
FREQS
FREGS
FREGS
FREQS
FREQS
FREQS
FREQS
SECNT
SECHT
SECNT
SECNY
SECNY
SECNT
SECHTY
SECHNT
SECHT
SECHT
SECNT
SECNY
SECNY
SECHT
SECKT
SECNT
SECNT
SECNT
SECHT
SECNT
SECHT
SECNT
SECKHT
SECRY
SECKT
SECRT
SECNT
SECNT
SECHT
SECKT
SECHT
SECHT
SECHT
SECHT
SECNT
SECHT
SECHT
SECNT
SECKT
SECNT
SECNT
SECKT
SECNT
SECHT
SECHT
SECHT
SECHTY
SECHT
SECNY
SECNT
SECNT
SECNT
SECHT

10
11
12
13
14
15
16
17
18
9
20
21
22
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4721
4722
473
4724
4725
4726
4727
4778
4729
4730
4731
4732
4733
4734
4735
4736
4737
4738
4739
4740
L7461
4742
4743
4744
£745
4746
4747
4748
4749
4750
4751
4752
4753
4754
4755
4756
4757
4758
4759
4760
4761
4762
4763
4764
4765
4766
4767
4768
4769
4770
4771
4772
4773
4774
4775
4776
4777
4778
4779
4780
4781
4782
4783
4784
4785
4786
4787
4788
4789
4790
4791
4792
4793
4794
4795
4796
4797
4798
4799
4800

[~
C

o

C

C
C
C

e e NeNel

c

100

110

120

130

189

149

160

150
170

236G

240

300

310

32

CHECK FOR ZERO EIGERVALUE(S)

IF (ACN, 1) .GT. ANORM) GO TO 10
WRETE (6,300%)
sTOP

IHVERSE ITERATION FOR LOWER BOUND OM SMALLEST ROOT

IF (EFPR.EQ.3)
* WRITE(6,20600)
DO 100 I=1,N
WCEI=BCD)
RT=0.0
[ItE=0
KK=2
LETE=11TE+1
DO 120 I=1,N
VEI=H(T)
CALL BANDET (A,B,V,HAXA, M, NWA, RA,NSCH,DETA, ISCA, KK, NSTIF)
KK=2
RGT=0.0
90 130 I1=1,N
RQT=ROT+W(1)*V(1)
D0 180 1=1,M
HCII=BCTI¥VLT)
RGB=0.0
DO 140 1=1,8
ROB=ROB+(1)*V(I)
RQ=RGT/RQE
IF C(IFPR.EQ.T)
* WRITE (6,2001) RQ
BS=DSGRT (ROB)
TOL=DABS(RQ-RT)/RQ
I¥ (1OL.LT.RCETOL) GG TG 150
D0 160 1=1,N
W1 )=WOT M /RS
RT=RQ
IF (IITE.LT.IITEM) 60 TG 110

90 170 1=1,4
VE1=V(I3/88
RB=RG"(1.0D0-DMINTCT.OD~1,1.0D2*TGLY)
15=0
CALL BANDET (A,3,V,MAXA,N,NWA,RB,NSCH, DETS, ISC8, 1,NSTIF)
1f {IFPR.EQ. 1)
* WRITE (&,2002) RS,NSCH
FB=DETB
1B=1SCB
1f {NSCH.EQ.D) GO TO 300
15=1§+1
I¥ (1S.LE.NTF) G0 TO 240
WRITE ¢6,3002) NTE
$TOP
RB=RB/(NSCH+1)
60 1O 230

ITERATION FOR IHDIVIDUAL ROGTS

IFf (1FPR.EQ.T}
* WRIYE (46,2003}
NITECJR)=-1
if (IFPR.EQ.T)
* WRITE (6,2004) JR MITE(JR},RA,DETA,FA ETA,ISCA
NITE(JR)=0
1F {IFPR.EQ.T)
¥ WRITE (6,2004) JR,NITE(JR} RB DETB,FB,ETA, ISCR

WE STOP WHEW WE HAVE THE REQUIRED HC OF ROOTS SMALLER THAN RC AND
HOV=0

IF {HSCH.GE.NRCOT) GG TC 900
If {(RE.GT.COFQ)Y G0 TO S00

DIF=FB-FA
IDIF=1A-18
IF {DIF.HE.D.0) 46 TG 320
FFOIDIF.NE.0)G0 TC 320
WRITE (6,3003)
G0 to 900
0 DIF=FB-FAR10.%¥IDIF

B-60

SECHT 54
SECHT 55
SECRT 56
SECHT 57
SECKT 58
SECHT 59
SECHT 60
SECHT 61
SECNT &2
SECHT 63
SECNT &4
SECNT 65
SECHT 66
SECHNT 67
SECHT 68
SECHT 69
SECHT 70
SECNT 71
SECHT 72
SECNT 73
SECHT 74
SECHT 75
SECHT 76
SECHT 77
SECHT 78
SECHT 79
SECHT 80
SECKT &1
SECKT 82
SECHT 83
SECHT B84
SECHT 85
SECNT 86
SECNT 87
SECHT 88
SECHT 89
SECKT %0
SECHT 91
SECHT 92
SECKT 93
SECHT 94
SECKT 95
SECHT 95
SECHT 97
SECKT 98
SECNT 99
SECKT100
SECHTI10T
SECHTI02
SECRT103
SECRT 104
SECKT105
SECKT106
SECKTI07
SECKT108
SECKT109
SECKT110
SECKTT11
SECNT112
SECHT113
SECKT114
SECKTI15
SECKT116
SECKT117
SECKT118
SECKT119
SECKT120
SECKT121
SECRTI122
SECNT123
SECKT 124
SECHT125
SECNT 126
SECNT127
SECNT 128
SECNT129
SECHT130
SECNT 134
SECNT132
SECKT 133
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4801

4802
4803
4804
4805
4B06
4807
4808
4809
4810
4811

4812
4813
4814
4815
4816
LBYT
4818
4819
4820
4821

4822
4823
4824
4825
4826
4827
4828
4829
4830
4831
4832
4833
4834
4835
4836
4837
4838
4839
4840
4841
4842
4843
4844
4845
4846
4847
4848
4849
4850
4851
4852
4833
4854
4855
4856
4857
4858
4859
4860
4861

4B&2
4863
4864
4865
4866
4867
4868
4869
4870
4871
4872
4873
4874
4875
4876
4877
4878
4879
4880

C
330

35
340

[N o Nl

360
380

370

c

C
o
400

405

420

410
430

C

DEL=FB*(RB-RA}/DIF
RC=RB-ETAPDEL
TOL=RCBTOL*RC
IF (DABS(RC-RB) .GT. TOL) GO TO 330
IF (IFPR.EQ.1)

* YRITE (6,2005)
ROOT¢ JR)=RE
GO TO 400

CALL BANDET (A,B,V,MAXA,N,HWA,RC,NSCH,DETC, ISCC,T,NSTIF)

FC=DETC
iC=1sce
NITECIR)=NITECIR )+
IF (JR,EQ.T) GO TO 340
Jd=R-1
Do 350 K=%,Jd
FC=FG/(RC-ROOT (K} }
0 CALL EXPO(IC,IC)
IF (IFPR.EQ.1)

* WRITE (6,2004) JR, NITE(JR}I,RC,DEYC, FC,ETA,ISCC

If WE HAVE MORE SIGN CHANGES THAN EIGENVALUES SMALLER THAN RC WE

START IHV. ITERATION

NES=0
IF (JR.EQ.1) GO TO 380
DO 360 1=1, 44
IF (ROOT(I).LT.RC) NES=NES+1
NOV=KSCH-KES
IF (NOV.EQ.0) GO TO 370
IF (IFPR.EQ.1)
* WRITE (6,2006) NOV
ROOT (JR)Y=RC
IF (NOV.GT.1) NSK=1

GO TO 400
RR=RA
FR=FA
IR=1A
DETR=DETA
[SCR=ESCA
RA=RB
FA=FB
IA=IB
DETA=DETB
ISCA=ISCRB
RB=RLC
FB=FC
IB=IC
DETB=DETC
1SCB=ISCC

WE RESET EVA IF NECESSARY

TOL=RB*ACTOL
IF (DABS(RA-RB) .LT. TOL) ETA=ETA*2.0D0
If (HITEQJRY.LE.NITEMY GO TO 310
WRITE ¢6,3004) JR,NITE(JR)
GO TC 900

CHECK FOR STORAGE
EFF {JR.LE.RC) GO TO 405
WRITE (6,3005)
GO TO 900

NOR=JR -1
TF (HOR.GT.NVUM) HOR=NVH
IF (IFPR.EQ.T)
* YRITE (6,2007) HOR
IF (JR.EG.1) GO 1D 410
DG 420 1=1,M
V(Iy=1.0
KK=2
DO 430 [=1,M
WOEY=BCIIFV(LY
15=0
50 TO 510

TNVERSE ITERM

SECNT134
SECHY135
SECHNTI36
SECHTI37
SECNT138
SECHT159
SECHY14C
SECHTI41
SECHT142
SECHT 143
SECNT 144
SECHT 145
SECHT 146
SECKTI4T
SECHT 148
SECHNT 149
SECHTI5C
SECHTI51
SECHTI52
SELNTI53
SECHT154
SECHT155
SECHT156
SECHTI57
SECNTIRE
SECKT 159
SECHTT160
SECNT161
SECHT162
SECNT 163
SECNT164
SECNT165
SECHT166
SECNT167
SECNT168
SECNT169
SECNT170
SECNT171
SECKT172
SECKTT73
SECHT174
SECNT175
SECNT176
SECK¥177
SECHT178
SECHTIT9
SECNT180
SECNT181
SECHT182
SECNT183
SECHT184
SECHT185
SECNTI86
SECKT87
SECNTI88
SECNT189
SECNT 120
SECNT 191
SECHT192
SECNTT193
SECHT194
SECNT 195
SECHT 196
SECNT97
SECHNT198
SECNT199
SECNTZ200
SECNTZ01
SECNTZ202
SECNT203
SECNT204
SECHT205
SECNT206
SECNT207
SECNT208
SECHTZ209
SECHT210
SECNY¥211
SECNT212
SECHT213
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4881 44D HETECIRI=NITECJRIH SECHT214
4882 DO 450 1=1,H SECHTZ1S
4883 450 V(1y=W(1) SECNTZ16
4884 CALL BANDET (A,3,V,BAXA,N,HUA,RC, HSCH,DETC, ESCC, KK, NSTIF) SECNTZTT
4885 17 (1S.EQ.1) 60 TO 460 SECHTZE
4386 KK=2 SECHTZ19
4887 ROT=0.0 SECHTZ20
4888 DO 470 1=1,8 SECNTR21
4889 470 RAT=RATHICIY*V(E) SECNTZER
4890 DO 475 I=1,M SECHTZE3
4891 75 WCIY=BCIYRVCL) SECNTZ24
4892 ROB=0.0 SECNTZES
4893 DG 480 1=1,M SECNTIZ6
4894 480  ROBSRABHI(II*V(T) SECNTZ27
4895 20=RAT /RGB SECKT2Z8
4896 RT=R00T{ JR)+RQ SECNTZY9
4897 IF (IFPR.EQ.1) SECHT230
4898 * WRITE (6,2004) JR,NITECSR),RT,RQ SECHTZ3T
4899 TOL=RT*RQTOL SECHTOS2
4900 IF (DABS(RT-RTAY .GT. TOL)} 60 TO 510 SECHTZS3
4501 15=1 SECNTE34
4902 60 1O 440 SECHTP35
4963 C SECHTE3S
4904 51C  RTA=RT SECHTERT
4905 BS=DSORT(RGR} SECNTZ38
4906 DO 490 1=, SECNTZ39
4907 49C  WCI)=W(1)/BS SECHTZ4D
4908 IF (NOR.ER.0) GO 1O 550 SECNTZLT
4909 DO 520 K=1,NOR SECNT242
4910 AL=0.0 SECNT243
4917 DG 530 I=1,N SECNTZ44
4912 530 ALSAL+VY(I,K)*¥(1} SECNTZ4S
4913 DG 540 I=1,N SECNTZ46
4914 540 W{II=WCI)-ALRWMCT,K) SECNTZ4T
4915 520 CONTINUE SECNTZAB
4016 ¢ SECNTZ49
£917 550 £ (MITECJR}.LE.NITEM} G0 TO 440 SECNTZ50
4918 WRITE (6,3004) JR,NITE(JR) SECNTZS T
4919 GO TO 900 SECNT252
20 ¢ SECNTZ53
4921 460 RGT=0.0 SECHTZ54
4922 ERRT=RQB SECHTISS
4923 BO 570 I=1,N SECHTES6
4924 576 ROT=RAT+V{I YT SECNTRST
4925 bo 560 1=1,N SECNT258
4926 560 WCISBCI*V(D SECNTE59
4927 ROB=0.0 SECNTZ60
4928 DG 580 I=1,M SECHTZ61
4929 580 ROB=ROBHVCLY*(I) SECNTZE2
4936 ¢ SECHTZ63
4931 € OBTAIN A RATHER LARGE ERROR BOUND SECNT264
4932 ¢ SECNTZ65
4933 RG=RAT/RAB SECHT266
4934 ROOT (IR Y=ROAT (IR )+RQ SECHTZEY
4935 ERR=DSORT(ERRT/RQB) SECNTR6S
4936 ERRVL{JR }=ROOT(JR)-ERR SECKT26D
4937 ERRVR ( JR }=ROOT { JR}+ERR SECKTZTO
4938 ¢ SECHTZ7
4939 B5=DSORT(ROB) SECNTZ72
4940 DO 590 !=1,M SECNTATS
4941 WCTI=WE1)/BS SECHT274
4942 59G  W(1)=V(1)/BS SECNT27S
4943 JJ=JR SECHTZTE
494, IF (JJ.LE.NVM)Y GO TD 610 SECHT27T
4945 WRITE ¢NTY (VV(J,T),d=1,0) SECNT278
4946 DO 600 K=t,N SECNTZ79
4947 DO 600 L=2,NVH SECHT2B0
L94E WK, L= 1=, LY SECNTZ81
£949 600 WVEK,L-1)=WWIK, L) SECNT2B2
4950 JI=NVH SECNT283
4951 610 DO 620 K=1,N SECHT284
4952 WO, D 1=H0K) SECHT285
4953 620 WK, JJ)=V(K) SECNT286
4954  C SECHT287
4955  C DECIDE STRATEGY FOR ITERN TCWARDS MEXT ROOT SECKT288
4956 € SECNTZ289
4957 TOL=RTOL*ROOTCJR) SECHT290
4958 IF (HOV.GT.0) GO TG 700 SECNT291
4959 IF {DABS{ROOT(JR)-RB)} .GT. TGL} GG TO 710 SECNTZ9?
4960 1F (RA.GT.0.0) 66 TO 720 SECNT293
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4961
4962
4963
4964
4965
4966
4967
4968
4969
4970
4971
4972
4973
4974
4975
4976
4977
4978
4979
4980
4981
4982
4983
4984
4985
4986
4987
4988
4989
4999
4991
4992
4993
5994
4995
4996
4997
4998
4999
5000
5001
5002
5003
5004
5005
5006
5007
5008
5009
5010
5011
5012
5013
5014
5015
5016
5017
5018
5019
5620
5021
5022
5023
5024
5025
5026
5027
5028
5029
5030
5031
5032
5033
5034
5035
5036
5037
5038
5039
5040

720

700

750

740

760

710

730

780

770

RA=RB/Z.

CALL BAMDET (A,B,V,MAXA,H,NWA,RA,KSCH,DETA,ISCA, 1, NSTIF)
FA=DETA °
1A=1SCH

RE=RA

FR=Fa

IB=IA

DETB=DETA

ISCB=1SCA

RA=RR

FA=FR

1A=IR

DETA=DETR

1SCA=1SER

GO T 710

1§ (ROOT(JRY.GT.RC) HSK=1

IF (HSK.EQ.1) GO TO 730

$F (DABS(RC-ROOT(JR}} .LT. TOL} GO TO 740
IF (DABSC(ROOT(JR}-RB} .LT. TOL) GO TO 750
RA=RB

FA=FR

1A=18

DETA=DETE

1SCA=ISCH

RB=RC

FB=FC

IB=iC

DETB=DETC

1SLB=150A

60 TO 710

IF ¢DABSCROOTCJRY-RB) .GT. TOL) 60 TO 710
IF (RA.GT.0.0) GO TO 750

RA=RE/2.

CALE BANDET (A,B,V,MAXA,N,NMWA, RA,NSCH,DETA, 1SCA, T,MSTIF)
FA=DETA

1A=1SCA

RB=RA

FB=FA

IB=1A

DETB=DETA

1SCB=1SCA

RA=RR

FA=FR

1A=IR

DETA=DETR

ISCA=TSCR

FA=FA/{RA-ROOT{JRY)
CALL EXPO(FA,TA}

FB=F8/(RB-ROOT{JRY)
CALL EXPO(FB,IR)

JR=4RET

ETA=2.0
GG TC 300

IF (RA.GT.0.0} GO TO 780
RA=RB/2.
CALL RANDET (A,B,Y,MAXA,M,NWA, RA NSCH, DETA, ISCA,1,NSTIF)
FA=DETA
[A=]1SCA
IF (DABS(ROOT(JR)-RB).GT.TOL) GO TO 770
RB=RA
FB=FA
[B=TA
DETB=DETA
1SCB=ISCA
RA=RR
FA=FR
iA=IR
DETA=DETR
ISCA=ISCR
FA=FAf{(RA-ROOT{JR})}
CALL EXPO(FA,IA}
FB=FB/(RB-RCOCT{JR})
CALL EXPCG(FB,IB}
FR=FR/{RR-ROOT({JR))
CALE EXPO(FR, IR}
[F{ROOT(JR).LE.RCINOY=NOV-1
JR=JE+1

SECNTE%4
SECHTZ95
SECHTZ96
SECHT2YT
SECHTZO8
SECHTZ99
SECHT300
SECHT301
SECHT302
SELNT303
SECHT304
SECHTI05
SECHTI06
SECNT307
SECHTA08
SECHTI09
SECNT310
SECHT3
SECHT312
SECNT313
SECHT:14
SECHT31S
SECHNTE1S
SECHT3INT
SECHT318
SECHT319
SECNT3Z0
SECHTS21
SECHT3Z2
SECMT323
SECHTIZ24
SECHT325
SECNT3E6
SECNT3Z7
SECHTEZH
SECNT329
SECNTI30
SECHT331
SECHT3Z2
SECHTZ33
SECHT334
SECHTEAS
SECKHT336
SECHY3AT
SECNTAEZ8
S$ECNTI59
SECHT340
SECHT34Y
SECNTE42
SECNT343
SECHT344
SECKT3LS
SECNT346
SECHT347
SECHT3L8
SECHTI49
SECHT3ES0
SECHT3ST
SECHTESZ
SECNT3ES3
SECHNT3S4
SECNT3ES
SECHT3S6
SECHT3RY
SECHT358
SECHTARG
SECHT360
SECNT3&1
SECHT362
SECHNT363
SECNT364
SECNT365
SECHT366
SECNT367
SECHT368
SECNT36%
SECKTIVO
SECNT371
SECHT3I72
SECHT373
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5041
5042
5043
5044
3045
5046
2047
5048
5049
5050
5051
5032
5053
5054
5055
5056
5057
5058
2059
5060
5061
5062
5063
5064
5065
5066
5067
3068
5069
5070
5071
5072
5073
5074
2075
5076
5077
5078
5079
3080
5081
5082
5083
5084
5085
5086
5087
5088
5089
=090
5091
5092
5093
2094
5095
5098
5097
5098
5099
5100
5101
5102
5103
5104
2105
5106
5107
5108
5109
SH1G
5111
5112
5113
5114
53115
5116
5117
5118
5119
5120

BITE(JR =0

RODT(JRy=RE

IF (NOV.GT.0) 60 TG 400
NSK=0

ETA=2.0

GO 10 300

900 HROOT=JR-1
IF(NROOT.GT.0) GO TO %02
WRITE (86,3006}
STOP
902 CONTINUE
If (IFPR.EQ.O) GO TO 905
WRITE (6,2009) (MITECJY,J=1,NROOT)
WRITE (6,2010) (TIMCS),d=1,NR00T)
WRITE (6,2011)
WRITE €6,2001) (ERRVL(S)Y,J=1,NRCOT)
WRITE (6,2001) (ERRVR(JY,J=1,NROOT)
C
c READ EIGEWNVECTORS INTO CORE
C
903  IF (HROOT.LE.NVM) GO TO 906
HDEF=HROOT - NVM
REWEND NT
DG 904 L=1,MDIF
READ €T} CACI,LY,I=1,M)
904 CORTINUE
G TOo 908
906  NDIF=0
@08 HROOT=NROOT - WDIF
DO 912 L=1,NROOT
DO 912 I=1,H
912 ACI,L+NDIFY=VV{E, L)
C
C  ARRANGE EIGENVALUES AND VECTORS IN ASCENDING ORDER
C
IF (JR.EQ.Z2} GO TO 950
JR=JR-2
916 18=0
B0 920 I=1,J4R
1F (ROOT(I+13.GE.RCOT(IY)} GO TO 920
18=18+1
RT=ROOT(I+1}
ROOT(i+13=ROCT(1)

ROOT{})=RT
c
C FORMAT
C

2000 FORMAT(’1INVERSE ITERATION GIVES FOLLOWING APPROXIMATION TO!,
1/ LOWEST EIGENVALUE)
2001 FORMAT(1HO,6E20.12)
2002 FORMAT(IORB =/,E20.12,° HSC=',14)
2003 FORMAT(/////5X,"ROOT  NITE’, 18X, RC’, 15X, 'DER772227)
2004 FORMAT(1HO,2(4X, 14),8Y,3E22.14,F7.2,216)
2005 FORMAT('OR(RC-RB) IS $MALLER THAN TOL’)
2006 FORMAT(OWE JUMPED OVER *, T4, ZUNKNOWH ROOT(S)')
2007 FORMAT('17 34X, ROOTY, 18X, /RQ/, 18X, 'NOR=",12)
2008 FORMAT('OTIME FOR INVERSE ITERATION =/,%5.2)
2009 FORMAT(/ONUMBER OF ITERATIONS FOR EACH EIGENVALUE?,(/1%,6120%)
2010 FORMAT(///'OTIME USED FOR EACH EIGENVALUE!,/(/1X,6F20.2))
2611 FORMAT(!FOLLOWING ARE ERROR BOUNDS ON EIGENVALUES!)
2012 FORMAT(///'OWE SOLVED FOR THE FOLLOWING EIGENVALUES?)
c
3000 FORMAT(///7*** FATAL ERROR IN SECHTDY,/,
17 ZERD MASS FOR SDOF SYSTEH’)
3007 FORMAT(///' **% FATAL ERROR IN SECHTD’,/,
¢ RIGID BODY MODE FOUND')
3002 FORMAT(///7 FATAL ERROR M SECNTD’,/,1X,!3,
1/ FACTORIZATION PERFORMED TO FIND LOWER BOUND ON FIRST £16.7)
3003 FORMAT(/' DEFLATED POLYNOMIAL HAS NO MORE ROCTS')
3004 FORMAT(//¢ PREMATURE EXIT FROM SECNTD',/,
17 1TERATION FOR ROUY NO.',14," ABANDONED AFTER',14,
27 ITERATIONS')
3005 FORMAT(//' PREMATURE EXIT FROM SECNTD!)
3006 FORMAT(////' FATAL ERROR IN SECNTDY,/,’ WO EIGH. COMPUTED’)
BO 930 K=1,H
RY=ACK, 1+1)
AQK, I+ 3=ACK, 1)
930 ALK, [)=RT
920 COMYINUE
B-64

SECHTS74
SECHT3TS
SECHT376
SECHT377
SECHT378
SECHTATS
SECNT380
SECNTI81
SECNT382
SECHTIBS
SECHT384
SECNT385
SECRT386
SECKT387
SECNTZ88
SECKTZ89
SECNT390
SECNT39Y
SECKT392
SECKTE93
SECKT394
SECHTE9S
SECNTEG6
SECNT397
SECNT398
SECNT399
SECHNT4CO
SECNT401
SECHT4GZ
SECNT403
SECHT4L04
SECNTLO5
SECNT40E
SECNTLOY
SECNTA08
SECNTLO9
SECHNT410
SECNT411
SECNT412
SECHT413
SECHTA14
SECHT41S
SECHT416
SECHT&17
SECNT418
SECKT419
SECKT4Z0
SECKY421
SECKT4Z2
SECKT&LZ3
SECKT424
SECNTLZS
SECNT426
SECNTAZ27
SECNTA28
SECNT429
SECNT430
SECNT431
SECNT432
SECNY433
SECNT434
SECNT435
SECNT436
SECNTA37
SECNT438
SECHTL3S
SECHT440
SECHTALT
SECNTA42
SECNT443
SECHT444
SECNT445
SECNT446
SECNTLLT
SECNT44E
SECNT449
SECNT450
SECHTA51
SECHT452
SECHTAS53
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5129 IF ¢15.G7.0} GO T0 910 SECNTAS4
5122 C SECNTLSS
5925 950  CONTINUE SECHTA56
5124 HROOT=NSCH SECHTAET
5125 IFCIFPR.ED. TIWRITE(S,2012) SECHT45S
5126 TFCIFPR.EQ. IURITE(S, 2001) (ROOTC 43, J=1,NROOT S SECHTLS9
5127 [ SECNT4ED
5128 REWIND MY SECHT461
5129 DG $70 1=1,NROOT SECHT4E2
5130 970 ROOT(I)=DSGRT{ROOTLI) SECNTGES
5981 WRITE (NT3 (ROOT(I),I=1,NROOT) SECNT464
5932 HUA=N*HRODT SECHT465
5933 WRITE (MT) (ACI,T),I=1,MWA) SECNTA66
5134 RETLIRN SECHT467
5135 EMD SECHT458
5136 SUBRCUTINE BAMDET (A,B,V,MAXA,MN,NUA,RA,NSCH, DET, TSCALE KK, HSTIE) BANDE
5137  © ROUTIHE TO PERFORM TRIANGULAR FACTORIZATION AT A SHIFT, DETERMINAT  BANDE 2
5138 C CALCULATION AND VECTOR ITERATION BANDE 3
5139 THPLICIT REAL*B(A-H,0-7) BAHDE 4
5140 DIMENSTON ACNWAY,B(TY, V1), MAXACT) BANDE 5
5141 ¢ BANDE &
5142 NR=NH-1 BANDE 7
5143 IF (XK-2) 100,790,800 BANDE §
5144 C BAMDE &
5145 100 TOL=1.0E+10 BANDE 10
51646 RTOL=1.0E-07 BANDF 11
5147 NTF=3 BAKDE 12
5148 [s=1 BARDE 13
5149 120 REWIND MSTIF BANDE 14
5150 READ (NSTIF) A BANDE 15
5151 DO 140 I=1,HM BANDE 16
5152 166 ACII=ACLY-RA*BCI) BANDE 17
5153 TF(NWA.EQ.NNIGO TO 230 BANDE 18
5154 DO 200 R=1,HR BANDE 19
5155 TH=N+NIA - KN BANDE ¥

5156 210 IF CACTH))Y 220,215,220 BANDE 21
5157 215 IH=IH-NN BANDE 22
5158 6O TO 290 BANDE 23
5159 220 MAMA(N)=IH BAKDE 24
5160 PIV=ACH) BAKDE 25
5141 IF(PIV) 221,222,221 BAKDE 26
5162 222 15 = 1541 BANDE 27
5163 IF(IS.GT.HTF) GO TO 1000 BANDE 28
5164 RT=RTOL*10**(15-2) BANDE 29
5145 RASRA*{1.0D0-RT) BAHDE 30
5166 GO TG 120 BANDE 31
5167 221 IL=H+RN BANDE 32
5148 L= BANDE 33
k169 DO 240 I=1L,1H,HN HAMDE 34
5170 L=l+1 BANDE 35
5171 C=A{1} BANDE 34
5172 IF €C) 225,240,225 BANDE 37
5173 225 C=C/PIV BANDE 38
5174 TF (DABS{C) .LT. TOL} GO 10 235 BANDE 39
5175 GO TO 222 BANDE 40
5176 235 Jd=i-1 BANDE 41
5177 DO 260 K=1,1H,HN BANDE 42
5178 260 ACK+dY=A(KHI)-C*ALK) BAHDE 43
5179 AC1)=C BAHDE 44
5180 240 COMTIHUE BANDE 45
5181 206 COMTINUE BANDE 46
5182 230 IF {A(NMY.NE.0.0) GO 7O 280 BANDE 47
5183 AA=DARS(ACT)) BANDE 48
5184 DO 290 I=2,HR BANDE 49
5185 290 AASAADABSCACI}) BANDE 50
5186 AN )=- (AR/NR)*1.0E- 16 BANDE 51
5187 ¢ BANDE 52
5188  C COMPUTE CHARACTERISTIC POLYNOMIAL BANDE 53
5189 ¢ DET(A-RA*B)=DET*1G**ISCALE BANDE 54
5190 C BANDE 55
5191 280 HSCH=0 BANDE 56
5192 RET=1.0 BANDE 57
5193 ISCALE=D BANDE 58
5994 DO 300 1=1,HH BAMDE 59
5195 320 DET=DET*A(I) BANDE 60
5196 CALL EXPO(DET,[SCALE) BANDE 61
5197 300 IF CA(I).LT.0.3 NSCH=NSCH#+! BANDE 62
5198 60 TO 900 BANDE &3
5190 ¢ BAHDE 64
5200 700 IL=NM BANDE &5
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5201
5002
5203
5204
5203
5206
5207
he08
509
5210
5e11
5212
5213
5614
5215
5276
5217
5218
5219
5220
5221
s
523
5224
5225
5226
SeaT
528
hede
5230
523
232
5233
FrATS
5435
236
5e37
5238
5239
5240
5241
h242
5243
Sedd
5245
5246
47
5248
5249
5250
5251
5252
5¢53
5254
5255
5256
5257
5258
5259
5e60
5261
hoB2
5263
he6h
5265
5266
5267
5268
5269
s270
5271
5272
5273
5274
5275
5276
277
5278
5279
5280

C
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DO 400 ¥=1,HR BANDE
L=V BANDE
YINI=CIACN) BANDE

IF (NWA-HN) 410,400,410 BANDE

410 IL=I1L+1 BANDE
FHSMANACN ) BANDE

K=H BANDE

00 420 I=1L,1H,NH BANDE

K=K+ BAHDE

420 VOKI=VOKI-C*ALT) BANDE
480  CONTIMUE BAKDE
VMM YSVHN Y /ACHN) BANDE

BANDE

BOD  IF (HWA-NN} 430,900,430 BAHDE
430 N=N BAKDE
DO 440 L=2,uM BANDE

=Nl BANDE
TL=R+HN BANDE
TH=RAXALN) BANDE

K=N BANDE

DO 460 T=IL,IH,NH BAKDE

K=t BAKDE

460 VEHISVEN)-ACTIFV(K) BANDE
440 CONTINUE BANDE
900  RETURN BANDE
BAKDE

1000 WRITECS, 100TINTF,RA BANDE
1001 FORMAT (37HO™**ERROR  SOLUTION STOP IR *BANDET*, / i2X, BANDE
1 tH(,13,37H) TRIANGULAR FACTORIZATIONS ATTEMPTED, / 12X,  BANDE

2 T6HCURRENT SRIFT = ,E20.14 / DO BANDE
sTOP BANDE

END BANDE
SUBROUT INE EXPO A, IX) EXPO
IMPLICIT REAL*8(A-H,0-7) EXPO
¥M=DABS{A) EXPO

10 1FCXM.LE.1.000)G0 TO 20 EXPD
KM=XH*0, 100 EXPO
IX=IX+1 EXPO

GO TO 10 EXPO

20 IF(¥M_GE.0,1DOYG0 TO 30 EXPO
KH=XM*10.D0 EXPO
Pe=1%-1 EXPO

50 TO 20 EXPO

30 A=DSIGN(XHM,A) EXPO
RETURH EXPO

EHD EXPO
SUBROUTINE PRTFQEWE,S, NSTS,NEQ, D) PRTFQ
IMPLICIT REAL*G(A-H,0-2) PRTEQ
DIMENSION S{1},1DCHJTS,13,W(3) PRTFQ
PRINT 10,UE PRTFQ

10 FORMAT(’OFIRST NATUARAL FREQUENCY = 7,E14.5,//, PRTFG
1+ FIRST MODE SHAPE:’,/, PRTFQ

2! NODE % y R'Y PRTFQ

D0 30 1=1,NJTS PRTEFQ

DO 20 J=1,3 PRTFQ

20 W{JI=SCIDCT, d)) PRTFQ
PRINT 40,11 PRTFGQ

30 CONTINUE PRTFQ
40 FORMAT{IB,3E20.4) PRTFQ
RETURH PRTFQ

END PRTFQ
SUBROUTIHE REINT(IEAR, IDSGN,NELG,NELN, ICOR,DEDIF,PDEDIF, I ICHK, DA, SREINT
1ECIN,STIN, CONIN, YBM, RHOM,DDIN, 1TY,DMY) REINT
IMPLICIT REAL*B(A-H,0-2) REENT
REENT

REIMITEALIZE ALL THE ELEMENT DATA FOR SURSEQUENT INPUT MOTIONS  REINY
REENT

COMMON/CONTR/ NELGR,NEQ, MBAND,NPTH, NPTV, NSTO, JCOL , HSTORY , NBAY REINT
COMMON /GENINF/KCONT (10), KELEMC16), NELEM¢ 10D, NINF(10), NDOF(10) REINT

1 L FCONT(3), NUMER(C10) REINT
COMMON/PASS/ IGR, I1STEP,NSTEPS, KVARY,NBLOK, KSTAT,KDDS, XM, IDUM¢23, REINT

1 1SYM, 1SYHD REINT
COMMON/STOR/ NAVST,NF1,NF2,NF3,NF4, NTST,KODST,KDATA,NF17 REINT
COMMON/ [NFEL/1MEK, IMEMD, KST,KSTD, LM(6), LND (6, KGEOM, XSEOMD ,PSH,  REINT

1 KHYST,KHYSTD,FL,COSA,SINA,EAL,A(2,6),ST(2,2),ECCC4), REINT

2 KODY(2),X1(2),9(2),ALPHAPCZ,2,E1(5,2,2),PHF{2,2) ,PHY(2,2}, REINT

3 PHU(2,2),PHI(2),FMI(2,2),PHT(2,23, FMF(2,2),PHX{2,2), FHp(2,2), REINT

4 PHP(2,2),PHr(2,2),RD3(2,2),RD4(2,2),RD5(2,2), FMxH{2,2}, REINT

5 PHxM(Z,2),BMIT(Z,2),BMEP(2),HYS(2),PPH1(Z,2), BHMP, PHMX, REINT

&  BWFOT(2),SFTOT(2),FTOT(2),PRTOT(2),SENP(8),SENN{BY, TENP(BY,  REINT
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5281

5¢82
5283
5284
5285

5286
5¢87
5288
5289
5290
5291

5292
5293
5294
5295
5296
5497
5298
5299
5300
5301

5302
5303
5304
5305
5306
5307
5308
5309
5310
LEY

5312
3313
5314
3315
5316
3517
5318
5319
5320
5321

5322
5323
5324
5323
5326
5327
5328
5329
5330
5331

5332
5333
5334
5335
5336
5337
5338
5339
5340
5341

5342
5343
5344
5345
5346
5347
5348
5349
5350
5351

5352
5353
5354
5355
5356
5357
5358
5359
5360

e e N

20

10

30

7 TEWN{8) PRACP(2Y ,PRACK(Z),SDACT(3},NODI  NODJ, KOUTDT  KQUTDTD,
8 INSLP¢2,2),DAM(Z ) FMFI(2,2), EAC(2,2),FMDA(2, 2}, IDANCZ,2),
9 PHDACZ, 2}, FRxxM{2, 2}

DIMENSION [COR{1),DEDIF{1),PDEDIFCT), TICHK(T Y, DALT),SECIN(S, 1),
ISTINEG, 1), CONINGD, 1), YBM(2, NELG, 1), RHOM(2,HELG, 1) ,DDENC2, 1),
2ITY(3, 1), OMY(NELG, 1)

DIMENSION COM(1)
EQUIVALENCECIHEM, COM(%)}

HUM=0

DO 10 1GR=1,HELGR
NEL=RELEM(IGR)
NDATA=NINF(IGR}

b0 20 IEL=1,KEL

CALL STORE(COM,KDATA, NF17,1)

IFCIEAR.EQ.T .AND. IDSGMW.GE.T)CALL RETHWELL{IEL KUM, IDSGH,IGR,NELG,REINT i

REINT
REINT
REINT

REIHT =

REINT
REENT

REINT &

REINT
RETHT
REINT
REINT
REINT
RETHT
REINT
RETHT
REIKT
REINT

TNELN, ICOR,DEDIF PDEDIF, 1ICHK, DA, SECIN,STIN, CORIN, YBM, RHOM, DD IR, ITYREINT

2,DHY)

CALL STORE(COM,NDATA,NF2,2)
CONTINUE

TFCIGR.GE.T) NUM=NUM+NEL
CORT LHUE

REWIND HF17

REWIND NF2

DO 30 IGR=1,MELGR
NEL=HELEM{ IGR)
NDATA=NIKF{IGRY

DO 30 FEL=1,NEL

CALL STORE(COM,NDATA,NF2,1}
CALL STORE(COM,NDATA,NF17,2)
CONT ENUE

REWIND NF17

REWIND NF2

RETURH

EHD

REIKT
REIKT
REINT
RE INT
REINT
RE IHY
REINT
REINT
REINT
REINT
REINT
REINT

REINT £

REINT
REENY
REINY
REINY
REINT

SUBROUTINE REINELL ¢IEL,NUM,IDSGH,I1GR,NELG, MELN, ICOR,DEDIF,PDEDIF,REINE

TIICHK, DA, SECIN,STIN,CONIN, YBM  RHOM,DDIN, [TY,DMY)
IMPLICIT REAL*B(A-H,0-2)

COMMON/GENTNF/11DUM(30), NIRFC10) , NDOFF(10), JUDUMCS) , HUMEMC10)

COMMON/ TNFEL /IMEM, IMEMD , KST , KSTD, LMY, LMD (&), KGEOM , KGEOMD , PSH,
KHYST ,KHYSTD, FL,COSA, STNA,EAL,AL2,6),5T¢2,2) ,ECC(4),
KODY(2),X1(2},Q(27,ALPHAR(2,2),E1(5,2,2),PHF{(2,2),PHY(2,2),

PHp(2,2),PHF(2, 23 ,RD3(2,2),RD4(2,2) RDS(2,2), FHxM(2,2),
PHXM(2,2),BMIY(Z,2), BMEP(2),HYS(2),PPH1(2, 2}, BMMP, PHMX,
BMTOT(2),SFTOT(Z),FTOT(2),PRTOT(2),SENP(B) , SENN{E) , TENP(8),
TENN(B),PRACP(Z),PRACN(Z),SDACT(3),NOD,NODJ , KOUTDT , KQUTDTD,
INSLP(2,2),DAM(2)  FRF1(2,2),FACC2,2), FHDALZ, 2), IDAM(2,2),
PHDA(Z,2), FMxxM(Z, 2)
COMMON/WORK/GAC6,6) , 5FF(8), SSFF(8),DDLG), FFEF(6), FF (&),
FEF(35,7).KDFEF(36), FINIT(30,6) ,ECT(15,4),8TYP(7,6),
CONYP(7,9),SECYP(14,9) , Wi(6),
ES,PS,FSY,EPSSY,EPSSU, FSU, FC,RDD, EC, PC, FCY, EPSCY, EPSCU, FCU,

R le- RN B ARV BE S F U S

DPR(23,HPY(2), FACTOR, FMY(2),PY(2), PHUL(Z), PHIF(2), FHU(2),

FMIF(2),W3(744)
COMMOR/RUTO/KAUTO, KAUTOD , KECO, KECOD , NDSGN , NDSGND , KFREG, KFREGD,
1 DBALL,DCALL,DBSTD,CONC, STEEL, 1ECO, BMAVG , BMDEY
COMMOM/THIST/1THOUT(10), THOUT(203, ETHP, ISAVE,NELTH, NSTH, NF7, ISE

O U 3~ N DD s

DEIMENSION 1COR(1),DEDIF(1),PDEDIFCTY, [ICHK(T),DACT),

REIKE
REIKE
REINE
RE INE
REINE
RE INE
REINE

PHUC2,2) , PHI(2), FM1(2,2),PH1(2,2), FHF(2,2) ,PHX(2,2),FMp(2,2), REINE

REINE
RE [HE
REINE
REINE
REIHE
REIHE
RE EME
REINE
REINE
REINE

EPSCM,PCP,F,FH, FN1,PS1,PCT, PH, FI4, EPSS, EPSC, EPSSD, YY, PSP, W2(2) ,REINE
REINE
REINE
REINE 2
REINE ;

REINE
REINE
REINE

1SECINCS, 1), STIN(6, 1), CONINCD, 1), YBM(2, NELG, 1),DDINC2, 1), 1TY(3,1), REINE

2RHOM(Z,NELG, 1), DMY (HELG, 1)
EM=RUMH TEL
CORRECTIVE DESIGN FOR BEAMS EXCEEDING ALLOWABLE DAMAGE

IFCIGR .EQ. 2) GO TO 10

1F(IBMOK.EQ.0) IBMOK=0

JF{ICOR(IM} .EQ. O) 60O TO 30

DAL=DBALL

pDD=DSIGN(T.D0,DEDIFCIM) Y*DABS{DEDIF(IM})
POD=DSIGR(1.DO,PDEDIF(1M) Y*DABS(PDEDIF(IM))

1F(IDSGR.GE.2) SIGNA=DDD/PDD

IFCIICHKCIM) EQ.T) DACIM)=DSIGN(1.DG,DDD)*0.B5%SECIN(4, IM)

RE INE
RE IRE
RE THE
RE I KE
REIHE

REINE :
REINE 2

RE INE
RE THE
REINE
REIME
REEME
REINE
REEHE

IF(IICHKCIM) LEQ.ODACTHM)=DA(IM)I*DSIGN(T1.D0, SIGNA)*DABS(SIGRAY**1.5REINE

B~67
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5361
5362
5363
5364
5365
5366
5367
5568
5369
5370
5371
5372
L3573
5374
5375
h376
5377
5378
5379
53580
5381
5582
5383
5384
w385
5586
5387
D388
1389
5390
5391
5392
5393
5396
5395
5396
5397
5398
5399
5400
5401
2402
5403
5404
5405
5406
5407
5408
5409
5410
5411
5412
5413
5414
5415
5416
5417
5418
53419
5420
5421
5422
5423
5424
5425
5426
5427
5428
5429
5430
5431
5432
5433
5434
5435
5436
5437
5438
3439
3440

[aRa e Ne]

e NNyl

20

30

SECINCG, IM)=SECIN(A, THI+DA(IH)

SECINCE, IMI=SECIN(4, I4)

I BMOK=1

GO 10 30

IF{IBMOY EQ. 1) GG TO 20

IFCICORCIMY .EQ. O) 6O TO 30

DAL=DCALL
DDD=DSEGH{Y.D0, DEDIF(IM) )*DABS(DEDIF(IMY)
POD=DEEGH(.DO0, FDEDIF{IM) J*DABS{PDEDIF(IMY)
IFCIDSGN . GE. 23 SIGRA=DDD/PDD
TF(IICHKCIN) . EQ. 15 DACIM)=DSIGN(T.D0,DDD %0, O5¥SECINGS, IM)

REEHE &4
REINE 45
REINE 4&
REINE 47
REIHE 48
REINE 49
REINE 50
RE THE %1
REINE 52
REINE 53
RETHE 54

IFCIICHKCTMY . EQ. ODACTIM) =DACIMI*DSIGNCT.DO, SIGNAY*DABS{SIGNAY**1 SREINE 55

SECINCG, IM)=SECINCS, IM)+DACIM)
SECIN(S, IM}=SECIN¢4, IH)
G0 10 30
YBIt=YBM{T, T, NODTY
YBI2=YBM(2,1,NODI )
YBJ1=YBM{T, 1, HOD )
Y8J2=YBH(2, 1, N00d )
YCI1=YBH(1,2,MOBT)
YCI2=YBM(2, 2, HOBT )
YCII=YBM( T, 2, H004)
YCJ2=YBML2, 2, HODJ)

DMI=(YBI1+YB12}/2.0

IF(YBIT*YBI2 .EC. G.0) DMI=DMAX1(YBI1,¥B12)

DM2=(YBJ1+YBJ2}/2.0

IFCYBJI*YBJE .EG. D.G) DHZ=DMAXT(YBJ1,YBJ2)

DEMY=DMAXT(DMT, M2 )

YC=DMAXI(YCET,YC42)

DHRATIO=(T7.25*DBMY-YC)/DMY(IGR, [EL}

SECIN(4, IM)=SECIN(E, TMY*(T+DMRATIC/109.)

SECIN(S, IM)=SECIN(E, IM)Y¥*( T+DMRATIO/180.)

TF{SECINCS, M) . LE.RHOM{T, LGR, IMEM ) }SECTN (4, IM)=REOM( T, IGR, IMEM)
TE(SECIN(B, IMY.LE.RHOM( 1, IGR, IMEM) YSECINCE, IM)=RHOM(}, 1GR, IMEM)
TF(SECINCA, IM).GE, RHOM(2, [GR, IMEM} }SECINCS, TM)=RHOM(2, IGR, TMEM)
FF(SECIN(S, IM).GE.RHOM(2, 1GR, TMEM) )SECIN(B, IMI=RHOM( 2, IGR, IMEM)

COMPUTE SECTIOM PROPERTIES

1} REINFORCING STEEL
ES=STIN(T, IM)
PS=STIN(Z, IM)
FSY=STIN(3, 1)
EPSSU=STIN(4, [M}
EPSSY=STINCS, IM)
FEU=STIR(S, IM)

2) CONCRETE PROPERTIES
FC=CONIHCT, IM)
EPSCO=CONINC2, IH)
RDD=CON1R(3, IH)
FCY=CONINCS, M)
EPSCY=CONIN(S, IM)
FCU=CONINGG, 199)
EPSCUSCONTN(T, [M)
EPSCH=CONIN(B, [M)
SLR=COMIN{(, IM)

3) DIMENSION GF SECTION
=1

TECCSECINGT,IM)) .LLT. 0.3 1I=-1
HT=SECINGT, M)
IFCIE.LE,0) HT=-HT
BB=SECIN(2, IM)
DCB=SECINGZ, 1M}
ASB=SECINCA, IM)
OMEGA=SECN(5 , 1#)
BT=SECINCS, IH)
DCT=SECINGZ, 1K)
AST=SECINCS, [M)
AT=SECIN(S, IM)

EXAMINE ACI-CODE FOR MINIMUM AND MAXIMUM STERL

RHO=ASB/(BY*(HT-DLB) Y

DELD=0.0

RR=ASB/BT

IFE¢RHC LT, RHOM(Y,IGR,IEL)) DELD=RR/(RHOM({T, I1GR, IEL)-RHD)
IF(RHO .GT. RHOM(2,IGR,IEL}) DELD=RR/(RHOM(Z,IGR,IEL}-RHO)
HT=HT-DELD

B-68

REINE 56
REINE 57
REINE %8
REINE 59
REIME €0
REIKE 61
RETKE 62
RETHE 63
REINE 64
REINE 65
REINE £6
REINE &7
REINE &8
REINE &%
REINE 70
REINE 71
REINE 72
REINE 73
REINE 74
REINE 75
REINE 76
REINE 77
REINE 78
REINE 79
REINE &0
REINE 8%
REINE 82
REINE 83
REINE 84
RETHE 85
RETHE 86
RETHE 87
REINE 88
RETHE 89
REINE 90
REINE 91
REINE 92
REINE 93
REINE 94
RETHE 95
REINE 96
REINE @7
REINE 98
REINE 99
RETHEN08
RE [HETO
RE INE 102
REIREI03
RE IRE 104
RETKE 105
RETHE106
REINE1OY
REINE1G8
REINETOS
REINET10
RETHETT1
REINEN12
RETHET13
REINE114
REINE115
REIKE116
REIME17
REINE118
RETNE1I®
REINE{20
REINE121
REINE1ZZ
REINE123



File: sarcf.f Printed Thu Mov 10 12:40:42 1988 Login: chung

5447
5442
5443
5444,
5445
5446
5447
5448
5449
5450
5451
5452
5453
5454
5455
5456
5457
5458
5459
5460
5461
5462
5463
5464
5465
5466
5467
5468
5469
5470
5471
5472
5473
5474
5475
5476
5477
5478
5479
5480
5481
5482
5483
5484
5485
5486
5487
5488
5489
5490
5491
5492
5493
5494
5495
5496
5497
5498
5499
5500
5501
5502
5503
5504
5505
5506
5507
5508
5509
5510
5511
5512
5543
5514
5515
5516
5517
5518
5519
5520

o

610

630

COMPUTE SECTIOM PROPERTIES

YOL=VOL+RFL*AT
STL=STL+RFL*(AST+ASR)
EC=FCY/EPSCY
pe=5./21.

PCP=(FCU-0.1%FC)/ ((EPSCH-EPSCUY*EC)
FN=ES/EC

FRI=FN-1

PS1=1.-PS

PC1=1.-PC

AS=AST+ASB

AC=AT-AS

BOT=HY-DCB

DDB=HY-DCT

AXF=DDINCT, IM)

IFCIGR.EQ.2) AXF=-DDIN(2, I8}
PSP=1.5%p§

Page: 69

REIRE1Z4
REINETZS
REINET1ZE
REINE12Y
REINETZE
KEIRE129
REIRET30
REINE13]
REINE 132
RE INE 133
REINE134
RETHE 135
REINETS6
REINE13Y
REINE138
REINE1EQ
REINET140
REIHE 147
REINE142

CALL FMPHI(SLR,AXF HT,BY,DCY,AST,DDT ASB, FMYT,EL1,P1,PHIUT,PHIFT, FREINETLS

TMET, FMUT, YNXT)
IF{11.GE.0)THEY

CALL FMPHI(SLR, AXF, HY,BB,DCE,ASR,DDB,ASY, FMY2,E12,P2,PHIUZ,PHIFZ,

1FMF2, FMUZ, YNX2)

Eli=,5%(EI1+EI2)

PP=, 5% (PI1*EL 14P2%E12) /ET ]

FMY T=FMY1* (1. -PP*ETI/EI13/¢1.-PP)
FMY2=FMY2# (1, -PP*EII/EI23/¢1.-PP)
ELSE

EII=EI1

PP=P1

FMY2=FMY1

PHIUZ=PHIUI

FMUZ=FMU1

PHIF2=PHIF1

FMF2=FMF 1

ENDIF

ATH=CONTN(4, IMY*AT/HT*(DDT+DDE) /2.
EA=ECH 5% (BR+BT )*HT+ES#{ASB+AST)
STR={AS/AT)*100.D0
IF(STR.LT.0.75) $TR=0.75

CFR=RDD

IF(CFR.GT.2.) CFR=2.
PHULL1)Y=PHIU1

PHUL(2)=-PHIU2

FMUC 1) =Fiu

FMU(2 )=~ FRU2

PHIF(1)=PHIF1

PHIF(2)=-PHIF2

FMIF( T)=FMF1

FMIF(2)=-FMF2

FMY(1)=FMY 1

FMY(2)=-FMY2

PY(1)=AS*FSY+. 85%FC*AC

PY(2)=-{&.*AC*DSART{FC* 1000, 3 /1000 . +FSY*AS)

DO 610 1=1,2
KODY (1)=1
XI{1)=0.
a¢ry=1,

DO 610 J=1,2
E1¢1,1,J)=E11
EI(2,1,)=PP*E]]
E1(3,1,4)=0.0
Ei¢4,1,4y=0.0
EI(5,1,4)=0.0
PSH=FP
EAL=EA/FL

DO 630 J=1,2

DO 63C IE=1,2
PHFCIE, d)=PHIF(J)
FMPCIE, J}=FMIF{d)
PHUCIE, 3)=PHUL(J)
BRIYCLE, J)=FMY(4)
PHYCIE, J)=FMY(J}/ELT
DO 640 1=1,4
IDAMCE, 1)=0
INSLP(I,1}=1
FACCT, 1) =0MEGA

RETNE144
REINE145
REINE146
REINET4T
REINE148
RE INE 149
REINETE0
RE IME 151
REIKE 352
REINE1S3
REIRE 154
REIKE 155
RETRETR6
REINETSY
REINE158
REINETSY
RETHE160
REINE16T
REINE16Z
REINE163
REIRE 164
REINE 165
REINET66
REINE1S7
REINE168
REINE 169
REIMETTO
REINETTY
REITHETT2
REINETT3
REINETTS
REIHE175
REINE176
REIKEI7?
REINE173
REINEY79
REINE180
REINE18T
REINE1B2
REINE183
REINE1BS
REINE185
REINE186
REINEIBY
REINE188
REINE 189
REIHETS0
REIMETST
REINET92
REINE193
REINE194
REINE 195
REINE 196
REIRETQ7
REINET98
REINETSY
REINE200
RETHEZ01
REINEZ202
RETNEZ03
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5521
5522
5523
5524
ShES
Y]
5527
5L28
5529
5530
5531
Bh32
5533
5534
5535
5536
5L37
5538
5539
5540
5541
5542
5543
5544
5545
5546
5547
3548
5549
5550
5551
5552
5553
5554
5555
5556
3557

FMDACE, TY=BMIY(Y, 1) RE INE204
FMxxbi(, FI=BMIYCE, 13 RE INE205
FHXMCI, T3=BMIY(D, 1) REREZ06
PHDACT, 19=PHY(I, 1} RE 1KE207
PPHICTL, 13=PHYCT, 1) REIMEZ08
640 PHRMCT, 13=PHY(T, 13 REINEZ09
REINEZT0

RESAVE DATA FOR DAMAGE ACCEPTANCE CRITERIA REINEZ1T
REINEZ12

CC=0.BS*FCEYNX1* BT REINEZT3
CY=FSY*AST REINEZT4
RHOMAN={CC+CS )/ F5Y REIMEZ15
RHOMIN=200.0/FSY REINE21S
IF(FSY .LE. 200.03 RHOMEN=RHOMIN/100G.0 REINEZ1T
RHOMCT, 1GR, TMEM3=RHOM N REINEZ1B
RHOM(2, 1GR, THEM) =RHGMAX REINEPTG
REINEZZ0

YBM(T, 16R, NODI )=FRY (1) REINEZZ]
YBICZ, 16R, HODJ J=FMY (1) RE IHEZZ22
REIMEZZ3

FFCIMEM.EQ. 1) PRINT 660 RE [REZ24
PRENT 680, 1MEM,NODI, HODJ,1TY(2, 1M}, 1TY(1, 1M, ITY(3, IM),EIT,STR,  REIME22S
PP, SSR, CFR, (FMY(J),Jd=1,2), (FMUCLY, J=1,2), CFMIFQJ),d=1,2), REINEZ26
2EMYCTM/ETE,PHULCEY, PRIFCT) REINEZZT
660 FORMAT(////36H*** COMPUTED MEMBER PROPERTIES %%// REINEZZ8
1 3HEL., 1X, 4HRODE , 3%, 4HMATL , 1X, THYOUNG’ S, 3X, SHLONG. , REINEZZO
2 1X, BHHARDEN , 1X, 6HS/SPAN, 1X, 6HCOMF TN, 2, 13H YIELD MOMENT,4X,REINEZ30
3 13HULY. MOMENT ,4X,11HFAIL MOMENT,9X,’ CURVATURES'/, REINEZ31
5 3HNO., TX,4H 1/J,7%,BHCO/ST/SE, X, ZHMODULUS, 1X, 5HSTL %, REINEZ32
6 1X,6H RATIO, 1X,6H RATIO,1X,6H RATIO,3X,13HPOSI.  NEGA ,3X,REINE233
7 13HPOSI. MEGR ,5X,11HPOSI. NEGA,5)X,21HYIELD ®AX MO. FAREINEZS4
8IL /3 REINE23S
680 FORMAT(/12,1X,12,7/7,12,%%, 11,777, 11,7/7 ,11,1%,E9.3,1X,F5.3,1X,  REINEZ36
1F6.4,1%,F5.2,1X, F6.3,2F9.2,2F9.2, 1X, 2F9. 2, 1X, 2F7 .4, 1, F7.4) REINEZET
RETURN REINEZ38
END REINE239
REINE240
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