AAEL
TA

o ' DECEMBER 1978 UMEE 78R6

658.44 @

Jss |

11978 o

|

~ HYSTERESIS MODELS FOR STEEL MEMBERS

SUBJECTED TO CYCLIC BUCKLING OR

CYCLIC END MOMENTS AND BUCKLING
(USER'S GUIDE FOR DRAIN-2D:EL9 AND EL10)

Ashok K. Jain
Subhash C. Goel

The University of Michigan Department of Civil Engineering

A Report on Research Sponsored By
National Science Foundation

ENV 76-82209

American Iron and Steel Institute
Project 301






HYSTERESIS MODELS FOR STEEL MEMBERS SUBJECTED TO
CYCLIC BUCKLING
OR
CYCLIC END MOMENTS AND BUCKLING

(USER'S GUIDE FOR DRAIN-2D:EL9 AND EL10)

by

Ashok K. Jain
Postdoctoral Research Fellow in Civil Engineering

Subhash C. Goel
Associate Professor of Civil Engineering

A Report on Research Sponsored by

National Science Foundation
ENV 76-82209

American Iron and Steel Institute
Project 301

Report No. UMEE 78R6
Department of Civil Engineering
The University of Michigan
Ann Arbor, Michigan
December 1978






ABSTRACT

Elements EL9 and EL10 are general purpose programs for
steel members subjected to cveclic buckling, or cyclic end
moment-buckling, respectively. These elements are de-
veloped for use with DRAIN-2D computer program. This
manual describes the essential features of these two new
elements along with their FORTRAN listing. The develop-
ment of axial load-axial displacement hysteresis model

as used for these elements has been described in a previous

report.
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CHAPTER 1

INTRODUCTION

Tall braced frame structures are constructed in
seismically active regions throughout the world. Such
frames are generally more efficient in terms of lateral
stiffness per unit volume of material than open moment
resisting steel frames. American Petroleum Institute
Code (API-RP2A, Ref. 1) now contains strength and ductility
requirements for offshore braced steel platforms. The
strength requirements insure that the structure is ade-
quately sized for strength and stiffness to maintain all
nominal stresses within yield or buckling for the level
‘ of earthquake activity which is normally expected during
the life of the structure. The ductility requirements
are intended to insure that the structure has sufficient
‘energy absorption capacity to prevent its collapse during
rare intense earthquake motions. Bracing members are
coﬁsidered effective earthquake resistant elements as they
help satisfy the above two requirements when used in a
frame.

Different member arrangements and proportions are
used in braced frames (3,4,5). Bracing arrangements may
be either concentric or eccentric type. The connections
of bracing members may be designed as simple or moment

resistant. The members in the former situation are gen-

erally treated as primarily axially loaded, whereas, the



latter type may develop significant end moments.

In past studies of braced frames, the hysteresis
behavior of primarily axially loaded bracing members has
been modeled in one of several ways, such as: elastic
in tension and compression (Figure la), tension-only
elastic model (Figure 1lb), tension-yield and compression-
vield (Figure lc), or tension-yield and compression-
buckling (Figure 1d). These models neglected the energy
dissipation characteristics of bracing members in the post-
buckling range. Later, Higginbotham and Hanson (Ref. 2,
Figure le), Nilforoushan (Ref. 12, Figure 1f), Prathuangsit
(Ref. 14), Singh (Ref. 15, Figure lg), Wakabayashi (Ref. 17),
and Marshall (Ref. 10, Figure 1lh) presented hysteresis
models which represented the post-buckling behavior of
bracing members in a more realistic manner. Experimental
studies (3,8) on small specimens have pointed out two
significant characteristics in the hvsteresis behavior
which were not included in these analytical models. These
characteristics are: increase in member length and
reduction in compressive strength with number of cycles.
Jain (Ref. 3, Figure 2) presented a hysteresis model which
accounts for these two parameters. Minor changes have
been made in this model and the latest version is described
in Chapter 2 of this manual. This model is called as
Buckling Element (EL9) for use in DRAIN-2D Computer pro-
gram (9).

There is one model available for primarily end
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moment resisting members and is known as beam-column
element (Ref. 9, Figure 3). This model does not consider
buckling and, therefore, should be used for full moment
connected (or rigid-connected) non-buckling type bracing
or column members.

Jain (3) analyzed 18 concentrically braced (X and K)
and eccentrically braced (open or split K) frames under
monotonic elastic, monotonic inelastic and dynamic loading
conditions. The purpose of this analysis was (i) to
determine the situations in which end moments dominate
over axial forces in bracing members and vice versa, and
(ii) to develop an understanding of the inelastic dynamic
response of these frames with different member proportions.
It was concluded that there is a need to develop a hystere-
sis model for rigid-connected buckling type steel members.
Such a model has been developed by combining buckling
element (EL9) and beam-column element (EL2) and is des-
cribed in Chapter 3 of this manual. This model is called
as End Moment-Buckling Element (EL10) for use in DRAIN-2D
computer program (9).

DRAIN-2D COMPUTER PROGRAM

DRAIN-2D is a general purpose computer program for
the inelastic response of plane structures subjected to
earthquake forces, and was developed by Kannan and Powell
(9). The program concepts and features are described in

Reference 9. User's Guide (13) describes the extensions

made to the program and presents input data procedures.



Figure 3 - Beam-Column Model, Ref. 9
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This manual supplements References 3, 9 and 13, and should
be used in conjunction with them. For compatibility the
format of presentation in this manual has also been styled
after these references. The procedure followed in adding
the new elements EL9 and EL10 to the DRAIN-2D conforms to
Chapter 4 of Reference 9. The four main subroutines
developed for each element are as follows. The number

at the end of the subroutine name corresponds to the
element type.

1. INEL9, INEL10: Input and initialization of
element data.

2. STIF9, STIF10: Calculation of element tangent
stiffness at different time steps.

3. RESP9, RESP1l0: Determination of inc—ements of
element déformations (strains) and forces (stress-
es),.determination of yield status, and output of
time history results. This may be called as
"state determination phase".

4., 0UTY9, OUT10: Output of final envelope values for
element deformations and forces.

This arrangement is used in DRAIN-2D program and is
taken directly from it. The variable names have been kept
the same as for other elements (9,15). FORTRAN listing
for elements ELY9 and EL10 are given in Appendices A-1 and
A-2, respectively. Several COMMENT statements are given

for understanding the underlying logic. These programs

have been used on AMDAHL 470V/6 computer at the University

e
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of Michigan using MTS. It is believed that they. can be
easily used on other systems.

If the user has other element subroutines which are
also'called either EL9 or EL10, then the suffix 9 or 10
from all the subroutines of these elements including CALL
statements should be changed. The new suffix should be
less than 10, otherwise, significant additions and changes
would have to be made in the main DRAIN-2D program (Cards

B to AB) in order to accomodate more than ten elements.



CHAPTER 2

BUCKLING ELEMENT (EL9)

Singh (13) presented a multilinear hvsteresis model
(EL7) for axially loaded pin-ended bracing members and used
in the seismic analysis of multistory braced frames. Jain,
Goel and Hanson (7)'compared their expefimental hvsteresis
curves with analytical curves obtained by using Singh’s
model and suggested that this model could be improved if
modifications were made in compression envelope and tension
envelope regions to include the change in compression loads
and residual elongation. The new buckling model accounts
for these two pérameters, yet, retains the simplicity of
Singh's model.

The buckling model is described in the following
section. Tension loaa and displacement are taken as
positive, and compression load and displacement are taken
as negative.

GENERAL CHARACTERISTICS

Assuming that an initially straight member is loaded
first in tension, the member follows segment AE elastically
as shown in Figure 4a (computer print out code for this
segment = 0). The member yields at E and follows segment
EE' (Code = 9). 1If the direction of displacement is
reversed at E', the member unloads elastically, parallel
to the initial elastic slope AE (code = 0). Continued

compression will result in the first buckling of the member

12



13

ToPOW burTong
Ut pasn IoTaeyag STS2A93SAH TRIXY - ®p 2Inbrg

¥ L

N3IN3OV1dSIa

SINIOd TOHINOO (O

d ‘avo’

A® 3 6 3 "SN3L



14

‘SN3L

d (*3uU0D) TOPOW buTtT3ongd
T pasn xotaeyad STS2I193SAH TeTIXVY - d¥ =) aH en |

IN3IW3IOVdsIa



15

at point B. The load at point B corresponds to the first
cycle buckling load Pyp for the member which is significant-

Y

ly higher than the buckling load P, used for subsequent

nc
cycles. After buckling at point B the member follows
segment BC (code = 1). The point C corresponds to a com-
pression displacement equal to five times the tension

yield displacement Ay of the member (Ref. 3). If the
direction of axial displacement is reversed at L, the
member follows segment LL' (code = 2), parallel to the ini-
tial elastic slope AB until it hits the post-buckling load

level, P However, if the direction of axial displace-

ync’®
ment is reversed at L', the member follows segment L'L"
(code = 1) which is parallel to segment BC. L" lies at
the Pync load level.

Once the member hits the post-buckling load level
Pync’ it comes out of Subroutine VRTX9 and reenters into the
main Subroutine RESP9 for further state determination
(Figure 4b).

From point C or L", continued compression results
in segment CD or L"D, respectively (code = 3). If the
direction of axial displacement is reversed at D, it
results in compression load decreasing to zero énd followed
by an increasing tensile load along the path DFE" (code = 4
for segment DF and code = 8 for segment FE").

To locate the point F, a line A"F'is drawn from the

new origin A" (AA" = EE") at a slope of 1/3 times the
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ELEMENT STIFFNESS

The tangent stiffness in term of deformations is

E A
_ T
ds = - dv 2.4
or, @slt= [kql av} 2.5
where, E., = tangent modulus in current state, and A =

T

element cross sectional area.
The tangent stiffness in terms of nodal displacements
is

Kyl = [alT [kl [al 2.6

o1 [
where, [a] is given by equations 2.2 and 2.3.
The geometric stiffness in the element coordinates

dwl and dw2 is (Figure 6):

S 1 -1

-1 1

or, in terms of nodal displacements
_ T
[Kg] = [a;17 [kg) [a)] 2.8
where, [al] is given by
dr
<

[dw2 ar

=<
[ By
o
o

o
o
|
(ml I
<

dr

la;] far) 2.9



20

FIXED END AND INITIAL FORCES

The effects of static loads applied along the element
length rather than at the nodes can be taken into account
by specifying fixed end force patterns. Static thermal
effects can also be considered in the same way. The
forces to be specified are the forces on the element ends
required to prevent them from displacing, with the sign
convention shown in Figure 7. If axial forces having
different magnitudes at ends i1 and j are specified, the
average value is assumed for determining the yield status
of the element and for computing the geometric stiffness.

Elements may be stressed under static load but it
may be incorrect or inconvenient to determine the element
forces by applying static loads to the structure. To
allow for such cases, provision is made for initial forces
to be specified in the elements. These forces will
typically be the forces in the elements under static load-
ing as calculated by a separate analysis. For consistency,
they should be in equilibrium with the static load produc-
ing them, but this is not essential. The computer program
does not make corrections for any equilibrium unbalance
resulting from the specification of initial forces.

To satisfy the reguirement that the structure remain
elastic under static loading, the initial element forces
should be less than the yield strengths of the element.

If desired, static locads as well as initial forces may be

specified. The element forces will then be the sum of the
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initial forces and those due to the static loads. The
geometric stiffness effect is not included in the static
analysis.

OUTPUT RESULTS

The following results are printed for the static
loading condition (time = 0) and at each output time if
a time history is requested. The static results are output
for all elements, and the time history results for only
those elements for which time histories are requested.

1. Yield code: 0 to 9 as explained earlier in

Figures 4a and 4b.

2. Axial force, tension positive.

3. Net axial extension.

4. Accumulated positive and negative plastic ex-

tensions up to the current time.

These accumulated deformations are computed by
accumulating the plastic extensions during all positive
and negative plastic excursions. These accumulated
deformations, together with the maximum positive and
negative total extensions, provide information on the
amount of plastic deformation imposed on the element.
The maximum positive and negative values of axial force,
maximum positive and negative extension and accumulated
plastic extension are printed at the time intervals
requested for results envelopes. The times at which

the maximum forces and extensions were produced are also

printed.
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INPUT DATA PREPARATION

E9. BUCKLING ELEMENTS - EL9

Number of words of information per element = 53.

E9(a). CONTROL INFORMATION FOR GROUP (415) - ONE CARD
Columns 5: Punch 9 (to indicate that group consists
of buckling elements).
6 - 10: Number of elements in group.

11 - 15: Number of different element stiffness

types (max. 40). See Section ES(b).
16 - 20: Number of different fixed end force patterns
(max. 40). See Section E9(c).
E9(b). STIFFNESS TYPES (I5, 7F10.0) - ONE CARD FOR EACH STIFFNESS TYPE
Columns 1 - 5: Stiffness type number, in sequence beginning
with 1.

6 - 15: Young's modulus of elasticitv.
16 - 25: Average cross sectional area.
26 - 35: Tension yield force, P

yp

36 - 45: Compression yield force, PVn (first cycle)
46 - 55: Radius of gyration

56 - 65: Effective length factor

66 - 75: Strength reduction factor, PHI

E9(c). FIXED END FORCE PATTERNS (2I5, 4F10.0) - ONE CARD FOR EACH
FIXED END FORCE PATTERN
Omit if there are no fixed end forces. See Figure 7.
Columns 1 - 5: Pattern number, in sequence beginning with 1.

10: Axis code, as follows:
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Code = 0: Forces are in the element
coordinate system, as in
Figure 7a.

Code = 1: Forces are in the global

coordinate svstem, as in

Figure 7b.

Columns 11 20: Clamping force Fi.
21 30: Clamping force Vi.
31 40: Clamping force Fj.
41 50: Clamping force Vj.
E9(d). ELEMENT GENERATION COMMANDS (915, 2F5.0, F10.0) - ONE CARD

FOR EACH GENERATION COMMAND

Elements must be specified in increasing numerical order.

Cards for the first and last elements must be included. See Note 7

of User's Guide (13) for explanation of generation procedure.

Columns

11

16

21

1

5.

10:

20:

25:

30:

35:

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

Node number of element end i.

Node number of element end j.

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

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

Time history output code. Tf a time history



Colums } 36

41

46

51

56

40:

45

50:

55:

65:
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of element results is not required for the
elements covered by this command, punch
zero or leave blank. If a time history
printout, at the intervals specified on
card D1, is required, punch 1.

Fixed end force pattern number for static
dead loads on element. Leave blank if
there are no dead loads. See note below.
Fixed end force pattern number for static
live load on element. Leave blank if there
are no live loads.

Scale factor to be applied to fixed end
forces due to static dead loads. Leave
blank if there are no dead loads.

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

Initial axial force on element, tension

positive.

NOTE: If static load code, Card Cl, is zero but fixed end forces

are still specified for some elements, an inconsistency results.

In effect any such fixed end forces will be treated as initial

element forces.



CHAPTER 3

END MOMENT-BUCKLING ELEMENT (EL10)

The end moment-buckling element is a combination of
beam-column element (EL2) and buckling element (EL9).
This element considers the interaction between the end
moments and axial force in the beam-column component EL2,
the axial force being determined by the buckling elemeﬁt
ELS9. In this formulation, the flexural stiffness is
assumed to be independent of the axial force. Workman (18)
studied the influence of axial force-flexural stiffness
interaction in the elastic state on the seismic response
of braced steel frames. He concluded that the effect of
this interaction was not significant for the structural
response. Nigam (11) proposed a more consistent pro-
cedure for considering the interaction between forces
existing at sections where yielding occurs, but it is very
complex and, therefore, not considered for this inter-
active element EL10. It is believed that the axial force-
end moment interaction as modeled herein should be
adequate for practical applications.

GENERAIL CHARACTERISTICS

End moment-buckling element has six degrees of
freedom and may be arbitrarily oriented in the X-Y plane.

The element possess axial and flexural stiffnesses.
Variable cross-sections can be considered by specifying

average area and appropriate flexural stiffness

26
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coefficients. Flexural shear deformations can also be
taken into account.

Strain hardening is considered in the moment-rotation
relationship but not in the axial force-axial displacement
relationship. Strain hardening is approximated by as-
suming that the element consists of elastic and elasto-
plastic components in parallel as shown in Figure 8.
Flexural yielding may take place only in concentrated
plastic hinges at the ends of the element. The plastic
hinges in the elasto-plastic component rotate under
constant moment, but the moment in the elastic component
may continue to increase.

The plastic moment capacities may be specified to be
different at the two ends of an element and also for
positive and negative bending at each end. If tension
yield and compression strengths are different at the two
ends of an element, minimum values of tension yield and
compression strengths are used.

Static loads applied along any element length may be
taken into account by specifying fixed end force vaiues.
The results of separate static load analyses can be
imposed by specifying initial force values.

Large displacement effects may be approximated in the
dynamic analysis by including simple geometric stiffnesses

based on the element axial forces under static load.

ELEMENT DEFORMATIONS

An end moment-buckling element has three modes of
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deformation, namely axial extension, flexural rotation

at end i, and flexural rotation at end j. The displacement

transformation relating increments of deformation and

displacement (Figure 9) is:

. N ~ - 1971
dv, - X/L - Y/L 0 X/L Y/L 0
dr2
2 2 2 2
<dvy S = | - y/L X/L 1 Y/L° - X/L 0
2 2 2 2 %3
dv, - Y/L X/L 0 Y/L° - X/L 1< >
. J — - dr4
dr5
dr6
. N /
or, {dv}l= [a] 4Hdr}

As for the buckling element, X, Y and L are assumed
to remain constant.

A plastic hinge forms when the moment in the elasto-
plastic component of the element reaches its plastic
moment. A hinge is then introduced into this component,
the elastic component remaining unchanged. The measure
of flexural plastic deformation is the plastic hinge
rotation.

For any increments of total flexural rotation, dv2
and dv3, the corresponding increments of plastic hinge

rotation, dvp2 and dvp3, are given by
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where, A, B, C and D are given in Table 1.
Unloading occurs at a hinge when the increment in hinge
rotation is opposite in sign to that of the bending
moment.

Inelastic axial deformations obey the same hysteresis
law as the Buckling Element EL9 does (Figures 4a and 4b).

INTERACTION SURFACES

The End Moment-Buckling Element uses two types of
interaction surfaces. For axial force-axial displacement
interaction, it uses the same as used by Buckling Element
EL9. For axial force-end ﬁoment interaction it uses the
envelope as shown in Figure 10.

Knowing the axial deformations, the program first
determines the axial state of the element as for ELS.

It calculates the axial force and the unbalanced axial
force, if any. Then, it calculates the yield moment by
using the axial force-moment interaction curve as for beam-
column element EL2. If the moment lies on or outside the
surface, a plastic hinge is introduced at that end.
Combinations outside the yield surface are permitted only
temporarily, being compensated for by applying corrective
loads in the succeeding time step (Figures lla and 11lb).

Once the axial load in the post-buckling range

becomes egual to P , the program redefines the four

ync
branches of M-P interaction curve in the compression
region as shown in Figure 10. Maximum compressive

strength of the member for all subsequent cycles remains
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at Pync' When the axial load is either Pyo (axial yield

<

code = %), Pyn or Pync (axial yield code = 3), the member

behaves as a pin-ended member in bending.

ELEMENT STIFFNESS

The element deformations and displacements are shown
in Figures 9a and 9b. The axial stiffness is given by

ETA
dSl = < dvl 3.4
where, En = tangent modulus in current state, and A =
average cross sectional area.

The elastic flexural stiffness is given by

stz _EI kii kij dv2 -
3 .
‘lds3 kij kjj Lde
where, I = reference moment of inertia; and k.., k.., k..
ii ij 33

are coefficients which depend on the cross section vari-
ation. For a uniform element, I = actual moment of

inertia, k.. = = 4, and kij = 2. The coefficients

k..
ii i3
must be specified bv the program user, and may, if desired,
account for such effects as shear deformations and non-
rigid end connections as well as cross section variations.
After one or more hinges form, the coefficients for
the elasto-plastic component change to kii’ k.. and k..,

1] J3J
as follows:

, —4 — —-—
kii = kii(l A) kijc 3.6
klj = kij(l-D) - kllB 3.7
k'. = k..(1-D) - k..B 3.8
J3 J]( ) 1]
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TABLE 1

COEFFICIENTS FOR PLASTIC ROTATIONS

COEFFICIENT
Yield Condition
A B c D
Both Ends Elastic 0 0 0 0
Plastic hinge at
end i only 1 kij/kii 0 0
Plastic hinge at
end j only 0 0 kij/kjj 1
Plastic hinges at 0 1
both ends i and j 1 0
Note:
Stiffness Coefficients kii’ kij’ and kjj are defined by

Equation 3.5

where, A, B, C and D are defined in Table 1.

Stiffness in term of nodal displacements is obtained

as

[Kp) = [al” [kl [al 3.9

where, [a] 1s given bv equations 3.1 and 3.2.

The geometric stiffness used is exactly the same as
for the buckling element. This is not the exact geometric
stiffness for an end moment-buckling element, but is
sufficiently accurate for taking into account the P~A

effect in building frames.
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FIXED END AND INITIAL FORCES

Static loads applied along the lengths of end4moment-
buckling elements may be taken into account by specifying end
clamping forces as shown in Figure 12. These forces are
those which must act on the element ends to prevent end
displacement.

Initial member forces may be specified for structures
in which static analyses are carried out separately. The
sign convention for these forces is as shown in Figure 12a.
These forces are not converted to loads on the nodes of
the structure but simply used to initialize the element
end actions. Any end forces due to other loadings are
then added to the initial forces.

Initial element forces may be svecified in addition
to static nodal loads and element end clamping forces in
which case the element forces due to the static loading are
added to the initial forces. The geometric stiffness, if
used, is based on the initial axial force plus any axial
force due to static loading, and is included only for the
dynamic loading, not for the static loading.

Fixed end and initial forces are defined as standard
patterns, and each element can be identified with a
standard pattern for dead load fixed end force, live
load fixed end force and initial force. 1In addition

multiplication factors for scaling the standard patterns

can be specified.
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LIVE LOAD REDUCTION

Live load reductions based on area supported may
have important effects in buildings and, therefore, should
be taken into account. The fixed end forces specified
for any element, after scaling by the factors specified
for the element, should account for any live load
reductions permitted for that element.

The fixed end forces for any element will, when
changed in sign, constitute static loadings on the nodes
to which the element connects, and these loadings are
taken into account by the program. Fregquently, however,
the live load reduction factor permitted for a column in
a building will exceed that for the beams it supports,
because columns support tributary loads from several
floors. Therefore, if the full live load fixed end
sheérs for each beam are applied at the structure nodes
the accumulated loads on the columns may be unnecessarily
large. This could be compensated for bv reducing the
fixed end shears to provide the correct column loads
but the shear forces computed for the beams would then
be too low. A preferable approach is to take advantage
of the live load reduction factors which may be specified
with the fixed end force patterns and are used as follows.

For initialization of the element shear and axial
forces the full specified fixed end forces are used.

However, for computation of the static loads on the nodes

connected to the element, the fixed end shear and axial
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forces due to live load (but not the moments) are first
multiplied by the specified reduction factor. The forces
producing axial loads in the columns may, therefore,

be reduced to account for difference in permissible live
load reductions between the beams and columns, vet the
shear forces computed for the beams will still be correct.
The reduction factor is ignored for dead loads.

SHEAR DEFORMATIONS

If desired, effective flexural shear areas may be
specified. The program then modifies the flexural stiff-
ness to account for the additional shear deformationms.
However, the fixed end forces are not changed, so that if
shear deformations may be important the specified fixed
end force patterns should take these deformations into
account.

OUTPUT RESULTS

The following results are printed for the static
loading condition (all elements, time = 0) and at each
output time if a time history is requested. The time-
history results are output only for those elements for
which time histories are requested.

1. Yield Code:

(a) Flexural yield code (at each end of an
element). Zero indicates the element end
is elastic, and 1 indicates that a plastic

hinge has formed.
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(b) Axial yield code (for the whole element).
0 to 9 as shown in Figures 4a and 4b.

2. Bending moment, shear force and axial force

acting at each end of an element, with the sign
convention as shown in Figure 1l2a.

3. Current plastic hinge rotations at each end.

4. Accumulated positive and negative plastic hinge

rotations up to the current time.

5. ©Net axial extension, positive means extension,

negative means shortening.
The maximum positive and negative values of bending
moment, shear force, axial force, plastic hinge rotations
and axial extension, with their time of occurrence, are
printed at the time intervals requested for envelopes.

The envelope values of accumulated positive and negative
plastic hinge rotations (PRACP(2), PRACN(2)) as well as of
accumulated positive and negative axial elongations (VPACP,
VPACN) are not printed, although they are computed within
the program. Program users interested in these values can
easily insert appropriate print statements in Subroutine

OuT1lo0.
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INPUT DATA PREPARATION

E10. END MOMENT-BUCKLING ELEMENTS - EL10

Number of words of information per element = 170.

El10(a) CONTROL INFORMATION FOR GROUP (6I5) - ONE CARD.
Columns 1 - 5: Punch 10 (to indicate that group consists
of end moment-buckling elements).
6 - 10: Number of elements in group.

11 - 15: Number of different element stiffness types
(max. 40). See Sections E10(b) and E1l0(c).

16 - 20: Number of different yield interaction
surfaces for cross sections (max. 40).
See Section E10(d).

21 - 25: Number of different fixed end force

patterns (max. 35). See Section E1l0(e).

26 - 30: Number of different initial element force
patterns (max. 30). See Section E10(f).
E10(b). STIFFNESS TYPES (I5, 4F10.0, 3F5.0, 2F10.0) - ONE CARD

FOR EACH STIFFNESS TYPE.
Columns 1 - 5: Stiffness type number, in sequence beginning
with 1.
6 - 15: Young's modulus of elasticity.

16 - 25: Strain hardening modulus, as a proportion

of Young's modulus.
26 - 35: Average cross sectional area.
36 - 45: Reference moment of inertia.

46 - 50: Flexural stiffness factor kii’
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Columns 51 - 55: Flexural stiffness factor kjj'

56 - 60: Flexural stiffness factor kij'

61 - 70: Effective shear area. Leave blank or
punch zero if shear deformations are to be
ignored, or if shear deformations have
already been taken into account in computing
the flexural stiffness factors.

71 - 80: Poisson's ratio (used for computing shear
modulus, and required only if shear

deformations are to be considered).

E10(c). INPUT RADIUS OF GYRATION, K AND PHI FACTORS (IS5, 3rl10.0) -
ONE CARD FOR EACH STIFFNESS TYPE
Columns 1 - 5: Stiffness tvpe number, in sequence beginning
with 1.
6 - 15: Radius of gyration.
16 - 25: Effective length factor.

26 - 35: Strength reduction factor, PHI.

E10(d). CROSS SECTION M~P YIELD INTEﬁACTION SURFACES (I5, 4fFl0.0,
4F5.0) - ONE CARD FOR EACH YIELD SURFACE.
See Figure 10 for explanation. .
Columns 1 - 5: vYield surface number, in sequence beginning
with 1.

6 - 15: Positive plastic moment, M .

16 - 25: Negative plastic moment, MO
26 - 35: Compression yield force in first cycle,
P .
yn
36 - 45: Tension yield force, P __.
yP

46 - 50: M - coordinate of balance point A, as a
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proportion of Mp+'

Columns 51 - 55: P - coordinate of balance point A, as
a proportion of Pyn'
56 — 60: M - coordinate of balance point B, as a
proportion of Mp-'
61 - 65: P - coordinate of balance point B, as a
proportion of Pyn'
E1l0(e). FIXED END FORCE PATTERNS (2I5, 7F10.0) - ONE CARD FOR EACH

FIXED END FORCE PATTERN.

Omit if there are not fixed end forces. See Figure 12.

Columns 1 - 5: Pattern number, in segquence beginning with
10: Axis code, as follows:

Code = 0: Forces are in the element
coordinate system, as in Figure
12a.

Code = 1l: Forces are in the global
coordinate system, as in Figure
12b.

11 20: Clamping force, Fi.
21 30: Clamping force, Vi
31 40: Clamping moment, M. .
41 50: Clamping force, Fj'
51 60: Clamping force, Vj'
61 70: Clamping moment, Mj‘
71 80: Live load reduction factor, for computation
of live load forces to be applied to nodes.
E10(f). INITIAL ELEMENT FORCE PATTERNS (I5, 6F10.0) - ONE CARD FOR

EACH INITIAL FORCE PATTERN.
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Omit if there are no initial forces. See Figure 1l2a.

Columns 1l - 5: Pattern number, in sequence beginning with 1.

6 - 15: 1Initial axial force, Fi'

16 - 25: 1Initial shear force, Vi

26 - 35: 1Initial moment, Mi'

36 - 45: 1Initial axial force, Fj.

46 - 55: 1Initial shear force, Vj.

56 - 65: Initial moment, Mj'

E10(g). ELEMENT GENERATION COMMANDS (11I5, 2F5.0, I5, F5.0) - ONE

CARD FOR EACH GENERATION COMMAND.

Elements must be specified in increasing numerical order.

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

7 of User's Guide (13) for explanation of generation procedure.

Columns

11

16

21
26

31

1 - 5:

40:

45:

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

Node number at element end j.

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

Yield surface number for element end 1i.
Yield surface number for element end j.
Code for including geometric stiffness.
Punch 1 if geometric stiffness is to be
included. Leave blank or punch zero if
geometric stiffness is to be ignored.

Time history output code. If a time history
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of element results is not required for the
element covered by this command, punch
zero or leave blank. If a time history
printout, at the intervals specified on
card D1, is required, punch 1.

Columns 46 - 50: Fixed end force pattern number for static
dead loads on element. Leave blank or
punch zero if there are no dead loads. See
Note below.

51 - 55: Fixed end forces pattern number for static
live loads on element. Leave blank or
punch zero if there are no live loads.

56 - 60: Scale factor to be applied to fixed end
forces due to static dead loads.

61 - 65: Scale factor to be applied to fixed end
forces due to static live loads.

66 - 70: Initial force pattern number. Leave blank
or punch zero if there are not initial
forces.

71 - 75: Scale factor to be applied to initial
element forces.

Note: If the static load code, Card Cl, is zero but fixed end
forces are still specified for some elements, an inconsistency
results. 1In effect, any such fixed end forces will be treated as

initial element forces.



CHAPTER 4

EXAMPLE

The braced frame example shown in Figure 13 may be
used to check the execution of the DRAIN-2D program with
elements EL9 and EL10 when it is implemented on a computer
installation. Program decks received through the Depart-
ment of Civil Engineering, University of Michigan or the
National Information Sérvice for Earthquake Engineering
will include a data deck and computer output for this
example.

The input cards for the structure are listed in
Table 2 and identified by the corresponding sections in
the User's Guide (13) and in this report. The user
should be able to obtain guidance in data preparation
procedures by studying this sample data.

The columns in the example structure are represented
by element EL10 in group 1, the beams are represented by
element ELS5 in group 2 and the bracing members (assumed
as pin-connected at the ends) are represented by element
EL9 in group 3. Node numbers are shown at the ends of

the members and element numbers are shown near the middle.

44
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TABLE 2 - SAMPLE INPUT DATA
SIART TESL EXA4PLE POR HMICHIGAN ELY AND EL70 ELEMENTS A

6 6 1 2 ) 3 Bl
i 292,

2 360. 292.

3 144, B2
4 360. 148,

5

6. 480,

5 B i 7 5 BT
1 2 1 2

1 z 3 4 B5
1 1.5 3 2 1. B6
1 700 0.01 <7< .6 1. ‘. 1, 20. Cl
G 1 14APULSE LOACING c3

0.93 1.0 0.10 Z.0
> c4

10 10 2 y n

1 3

1 z 2 4 P
1 2 3 4
70 4 < z 2

129503, J.01 49.1 2020. 4, 4, 2.

< 2%00J. 2.01 35.0 1370 4. 4, 2.

1 4.01 G.7 3.5

2 3.75 3.7 0.4 E1l0
1 1090C. -1950¢C. -1729. 1770, 1. 0.15 1. 2.15

2 7600. -7600. -1200. 1275. 1. n.15 1. 0.15

1 T4, 1825. 74. -1825.

P -7z, 1728, -7z, -3728.

1 5 3 1 1 1 1 1 1.5

< 4 6 1 1 1 1 1

3 3 1 2 2 2 1 1 1.25

4 Z 4 Z 2 z - 1

S 2 1 2 1

1 2%00). J.05 41.8 10, 4. u 2.

1 12850, -12850. ES
2 49000. -40900.

1 cy. 540C. 50, -34090.

1 3 4 1 1 2 1

2 1 2 1 1 1 1 1.5

g z z

129000, 17.¢ 35G. -250. 2.u5 0.9 2.59%

Zz 10000. 15.6 300. -200. 1.60 1.20 0.15 E9
] 5 N 1 1 1 5.

Z 3 Z < ? - 40.

sToe
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APPENDIX A-1

FORTRAN LISTING OF BUCKLING ELEMENT ELSY
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o000
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10

20

50
30
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50

SUBROOTINE INEL9 (/FCCNT/,/FCOXT/,/NDOF/,/NINFC/,/ID/,/X/s/YX/,/08/
i)

ZJ2¥MON /INPEL/ IMEM,®ST,LM(4),KGEOM,EAL,PL,COSA,SINA,PFPAC,RATIO,

DELTY,KODYX,KODY,XPP,X3RE,EAL1,EALY,EALG6,EALT7,EALS,
X5,Y5,PS, X6 ,X5D,Y5D,PSD, INDRE,IVPTX,
IFLCG,SEP,VTOT, XTQT ,VPACP,VPACN,VENP,TYENP, VENN,
TVFNY, SE¥P,TSENP,SENN,TSENN,SDFO, NODI,¥ODJ,KOUT DT,
PYP ,PYN,EYNC,REST (147)

ZJ)MMON /iDRK/ FTYP(40,7) ,FEP(40,4) ,KDFEF (40) ,DD (4) ,GA(4,4),

PFEF (4) ,SFF (4) ,SSPF(4) ,NMEM, N4BT,NFEF,SLOP1, INEL,
INODT, INODJ,INC, ITNC, IMBT,IIMBT,TKGN,IKDT,KFDL,
IRFDL,KFLL,TKFLL,FDL,FFDL,FLL, PFLL, FINIT,PFINIT,

£ wWwN =

XL,YL,APEA,RAD, SLEND, ¥ (" 460)

DI MENSTION RCONT (1) ,TD(NN, 1) ,X(7),¥(1),COH(1)
DIMENSICN AST(2),YESNC(2)

DATA AST/2H ,24 =/

DATA {ESNO/UH YFS,Uufl NO /

EJQUIVALENCE (IMEM,COM(1))

JATA LNPUT, BUCKLING ELF¥ENTS

NDOF=4
NINPC=53

NMEM=KCONT (2)
N1BT=KCONT (3)
EFEF=KCONT (4)

PRINT 10, (KCONT(I),I=2,4)

FORMAT (27H BUCKLING ELEMENTS (TYPE 9)////
i 25%H MO. CF ELFMENTS =14/
2 25H NO. OF STTIFFNFE3S TYPFS =14/
3 25H NO. OF F.E.F. PATTERHS =T14)

INPUT STIFFNESS PEQPERTTFS

PRINL 20

FORMAT (////76i STIFFNESS TYPES//
35 TYPE,6X ,7H YCONGRS,6X,8H SFCTION, 3X,
15K YTELD ¥ORCES,10X,124 PADIUS OF,5%,
12H EQU. LENGTH,S5%,1SH STPFENGTH REDTUCTION/
54 NO.,5%,8H MCDOLUS,AX,7H APEA ,5X,
394 TENSION,5X,3H COMPN ,AX,9F GYRATION, #4X,
12H COEFFICIENT,SX,7H FACTCR/)

DN FE W=

D) 50 IT=1,NMBT

°ZAD 30, [, (FTYP(IT,Jd),J=1,7)
PRINI 40, IT,(FTYP (TT,J),J=1,7)
FORMAT (IS5,7F10.0)

FORMAD (I4,E14.4,6F13.2)

FIXED END FORCE PATTERNS

[# (NFPEF.EQ.J) GO TO 100
PRINT 60
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51

60 FORMAT (////25H PIXED ENC TFORCE PATTERNS//
1 31 PATTERN,3X,4HAXIS,2 (7X,S5SHAXIAL,7X,53SHEAR)/
2 34 NO. ,3X,4HCODE,2 (7X,5HAT TI),2(7%,5EAT J)/)

DD 90 NF=1,NFEF
READ 70, L ,RDFEF(NP), (PEF(NF,J) ,J=1,4)
70 FIRMAT (2I5,4F10.0)
80 FORMAT (I6,I8,1X,4F12.2)
90 PRINT 80, NF,RDFEF (NF),(FEF(NF,J),J=1,4)

ELEMENT DATA

100 PRINT 112
110 PIRMAT (////22H FLEMENT SEECIFTCATION//

1 3X,uHELEH,?K,UHNODF,2X,HHNODE,2X,UHNODE,2X,UHSTIF,2X,

2 4H3EON,2Y,UHTIME,3X, 12HFEF PATTERNS,3X,17HFEF STALE FACTORS,
3 5X,7HINITIAL/ '

4 3%,4H NO.,3X,ud T ,2X,4H J ,2X,UBDIFP,2X ,4HTYPE, 2X,

5 4HSTIF,2X,4HHAIST,2X, 128 DL LL ,3%X,779 DL LL ,
6 5X,7H FORCE /)

T3DYX=0

K2 DY=0

KST=)

xpp=0.

33 123 J=19,47
120 CoM(J) =0.

IYENM=1
130 824D 140, INEL,INODI,INODJ,IINC,II4BT,IKGM,IKDT,IRFDL,IKFLL,FFDL,F
1FLL,FFINIT
140 FORMAT (YI5,2F5.0,F10.0)
IF (INEL.3T.IMEM) GO TO 170
150 ¥NODI=INODI
NJDJ=INODJ
INC=IINC
IF (INC.EQ.J) INC=1
INBT=IIMBT
K3 FOM=TK34
K2OTDT=IKDT
YNG={ESYNO(2)
IF (K3E0M.NE.O) YNG=YESNC(1)
{NT=YRESNO(2)
IFP (KJQUTDT.NE.Q) YNT=YESNC ()
KFDL=IKFDL
KFLL=IKFLL
FDL=FFDL
FLL=FFLL
FINIT=FFINIT
ASTT=AST(1)
IF (INEL-NMEM)1392,176,130

160 ¥YIDI=NODI+INC
NJDDJ=NODJ+ INC
ASTT=AST(2)
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170

180

190
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?2RINT 182, ASTT,IMEX,NODT,NODJ,INC,IMBT,YNG,YNT,KFDL,KFLL,FDL,FLL,

1FINIT
FORMAT (A2, I4,17,315,3X,A4,2%,A4,17,1I6,F11,2,P10.2,F11.2)

LOCATION YATRIX

D) 190 L=1,2

L4 (L) =ID(NODI,L)

LY (L+2)=LD (NODJ,L)

CALL SAND |

ELEMENT PROPERTIES

LL=X(NODJ) =¥ (NODI)

fL=Y (NODJ) =Y (NODI)
FL=SQRT (XL*%2+YL*%2)
CISA=X L/FL

SINA=YL/FL

AR EA=FTYP ( IMBT, 2)
EAL=FTYP(LMBT, 1) *AREA/FL
PYP=FTYP (L BT, 3)

P{ N==ABS(PTYP (T¥BT,U))
PiI=PTYP(ILMBT,7)
OYNC=PHI*PYN
3AD=FTYP(IMBT,S)

AK=FT{ P(I4BT,6)

SLEND= AK*FL/RAD
PFAC=ABS (P YNC/PYP)
SLOP1= (PFAC*(1.-PHT)) /(PFAC=5. *PHI)
EAL1=SLOP1*EAL
X3RE=-PFAC

RATID=60.0 /SLEND
DELTY=PYP/EAL

LOADS DUE TO FIXED END FCRCES

5FEF=).

IF (KEDL*XFLL.EQ.D) GC TC 310
DO 200 I=1,NDOF

DO 200 J=1,NDOF

A (1,J3)=).

5A (1,1)=C0SA

(1,2) =ST NA

(2,1) ==SINA

(2,2)=22SA

(3,3)=22SA

(3,4) =STRA

34 (4,3)=-SINA

3A (4,4)=2)SA

00 210 I=1,4

SFF (I) =0.

SSFF(T)=0.

[F (KFDL.EQ.0) G0 TO 250
DO 22) I=1,4

1G) WL we
> 0 > e
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220
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230
240

250

260

270
280

250
300

310

320

330
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PFEF(I)=PEF(X?DL,I) *FDL

IP (KDFEF(KFDL) .EQ.J) GC TC 230
CALL MULT (GA,FFEF,SFF,4,4,1)
30 TO 2590

DO 240 I=1,4

SPF (I) =FFEP (I)

IF (KFLL.EQ.0) GO TO 290

09 260 I=1,4

FFEP(I)=FEF (KFLL,I)*PLL

IP (KDFEF(KPLL) .EQ.D) GC TC 270
CALL MULT(GA,FFEF,SSPF,4,4,1)
30 T2 290

9) 282 I=1,4

SSFF(I)=FFEF(I)

D2 300 I=1,4
S3PF(L)=SSFF(I) +SFF(I)

CALL MOLTT (GA,SSFF,DD,4,4,1)

" ZALL SFORCZE (DD)

INITIALIZE ELEMENT FQRCE

SFEF=(SSFF (3) -SSFF (1)) *0.5
FF=FINIT+SFEF

SEP=FF

[P (FINIT.LT.D.) GO TO 320
SENP=FINTT

SENN=J.

30 TO 330

SENN=FINLT

SENP=0.

CALL FINISH

SENERATE Y1ISSING FLEMENTS
IF (TYEM.EQ.NMEM) RETURN
IMEM=T MEM+ 1

I?F (IMEM.EQ.INEL) GO TO 150
30 TO 160

END
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SJBROOTINE STIF® (/MSTEP/,/DOF/,/NINFC/,/C0OMS/,/FX/,/DFAC/)

COMMON /INFEL/ IMEM,KST,LM(4),KGFOM,EAL,FL,COSA,SINA,PFAC,RATIO,
DEL TY,RODYX,KODY,XPP, X3RE, EAL1 EAL4,EAL6 ,EAL7 EALB,
Xs,Ys,p5,%6,X5D,Y5D,PSD,INDRE, IVRTX,
IELOG,SEP,VTIOT, XTOT,VPACP,VPACN,VENP,TVENP,VENN,
TVENN,SERP,TSEYP,SENN,TSENN,SDPO,NODI,NODJ,KOUTDT,
pPYP ,PYN,PYNC,REST(147)

ZO)MMON /WDRK/ STIF,STIFF,SST(2,2),AA(2,4),AATK(4,2),FPR(4,4),

1 R (1962

N & W)

DIYENSION COX (1) ,COMS(") ,FE(4,4)
EJUIVALENCE (IMEM,COM (1))

STIFFNESS FORMULATION, BUCKLING ELEMENTS

D3 13 J=3,23
Jo8(J) =CIAS (J)

CURRENT STIFFNESS
CALL FST9 (STIF,RODY)
PREVIOUS STIFFNESS

[F (MSTEP.LT.2) GC TO 20
CALL FSTY9 (STIFF,FODYX)

STLFFNESS DIFFEPRFNCE

STIF=STIF-STIFF

FK (1,1)=STIF*COSA**2
FK (1,2)=STTF*SINA*COSA
7K (1,3)=-FK(1,1)

FK (1,4)=-FK (1,2)

PK (2,2) =STTF*SINA* %2
FR (2,3)=FX (1,4)

FX (2,4)=-FK (2,2)

FR (3,3)=FK (1, 1)

FK (3,4)=FK (1,2)

FK (4,8)=FK (2,2)

DO 30 I=2,4

J7I=1-1

02 30 J=1,JJ

FR (I,J)=FK (J, I)

IF (4STEP.GT.1) GC TO 8C

[NITIAL SIIFFNESS POR STEP N, BETA-0 ALLOWANCE FOP STEP 1!
=1,

IF (MSTEP.EQ.1) CC=DFAC

DD 40 I=1,16

FR (I,1)=FFK (I,1)*CC

ADD SEOMEIRIC STIFFNESS



50

55

I? (MSTEP.EQ.0.OR.KGECHM.EC.0) GO Tn 8¢
PFL=COMS(34)/FL

00 50 I=1,4

SST(I,1)=PFL

- DO 60 I=1,8

60

70
80

AA (I,1)=2.

AA (1,1)=-SINA

AA (1,2)=C2SA

A4 (2,3)=SINA

AA (2,4)=-COSA

ZALL MULIST. (AA,SST,AATK,FFK,4,2)
DO 70 I=1,16

FR (I,1)=FK (I,1) +PFK(I,1)

RETURN
END
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SJIBROUTINE w2SP9 (/NDCF¥/,/NINFC/,/KBAL/,/K?R/,/CONS/,/DDIS¥/,/DD/
1,/TINE/,/VELX/,/DFAC/,/DELTA/)

COMMON /INFEL/ TMEH,KST,LM (4),KGEOM,EAL,FL,COSA,SINA,PFAC,RATIO,
DELTY,RODYX,XODY,XPP,X3RE,EALT,EAL4,EAL6,EAL7 ,EALS,
X5,Ys5,p5,%6 ,X5D,YSN,PSD,INDRE, IVRTX,
IFLOG, SEP,VTOT,XTOT, VPACP,VPACN,VENP,TVENP, VENN,
TVFENN,SENP,TSENP,SENKR,TSENN,SDFO, NODI,NODJ,ROUTDT,
PYP ,PYN,PYNC,REST (" 47)

ZJ)MA3N /WOEK/ EALE,DSL,DSEP,SLI¥,FAC,FACTOR,PACAC,DSUB,FVRTX,

1 sLop6,sLoP7,CYP,DS8,DSS,DS6,DS7,0S8,P0OUT (1983)

N EwWwN -

DIMENSION COM(1),COMS(1),CDISM (1),DD(1),VELM(T)
EQUIVALFNCE (IMEM,CCM(1))

SLATE DETERNINATION, BUCKLINGC FLEMENTS
DD 10 I=1,NINFC

ZOM (L) =COU S (I)

{JDYX=KODY

IF (IMEM.EQ.1) THED=0

EX TENSION INCREMENT

DVAX=COSA* (DDISM(3)~-DDTSM (1)) +STYA* (DDISH(4) -DDISN (2))
VIOT=VTOI+DVAX

LINFAR FORCE INCREYMENT

CALL FST: (EALE,KODY)
SLIN=SEP+EALE*DVAX

INITIALIZE
FVRTX=J.

Zi1ECK VERTEX STATE

If (LVRTXK.EQ.0) CALL VRTXS (FVRTX,DVAX,TIME)

IF (IVRTX. EQ.D) GC TO 120

FACAC=FVRT X

FACTIR=1.-FACAC

XJ3DYI=RODY +1

30 TO (30,120,120, 40,50,6C,70,80,%0,100) ,KODYT

JON SLOPE 0, ELASTTC, GET FACTOR FOR STATUS CHANGE
DS EP=EAL*DVAX

IfF (DSEP) 21,110,22

FAC=(2YNC-SEP) /DSF?

IF (FAC.GE.FACTOR) GO TO 27
FACTOR=FAC
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SEP=PYNC
K2DY=3
30 TO 110

FAC=(PYP-SEP) /DSEP

I[F (FPAC.3E.FACTOR) GO TC 37
FACTOR=FAC

SEP=PYP

KJODY=9

350 TO 110

SEP=SEP+FACTOR*DSE?P
50 TO 110

J¥ SLOPE 3, BUCKLING ANI CONTINUING
[F (DVAX.53T.0.) GO TO 41
JPDATE PLASTIC DEFORMATICNS

OJVP=FACTOR*DVAX
VP ACN=VPACN+DVP
32 TO 122

BUCKLING AND UNLOADING

XTOT=(VTOT-DVAX)/DELTY
IP (XTOT.3JE.X3RF) GO TO 42

ESTABLISH NEW STIFFNESS FfGCR REVERSE

X3RE=XTOT
IELO3=
CALL LAWY~
P5=Y5%pPYP
£2DY=4

50 T2 5S¢

USE 2LV STIFFNESS FOR REVERSE

[P (INDEE.EQ.2.AND.XTOT.LE.X6) GO TO 43
TF ((X5D-XTOT) .EQ.D.) GO TO 44
5L0OP5=(YSD+PFAC)/(X5D=XTCT!
CAL6=EAL*SLOP6

KJODY=6

53 TO 70

SLOPT=(¥YS+PFAC) /(X 5~-XTOT)
EAL7=EAL*SLOP7

£2DY=7

30 TO 80

g3DY=5

32 TO 60

JN SLJI?E 4%, GET FACTOR FCR STATHS CHANGE
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53

54

55

60

61

63
64

65

7Q

71

58

OS4=EAL4*¥DVAX

IZ (DS4) 51,110,584
IF (SEP) 52,52,53
FAC=(PYNC-SEP) /DS4
IF (PAC.3E.FACTOR) GO TC 55
FACTOR=FAC
SEP=PYXNC

KODY=3

30 TO 119
X5D=VTOT/DELTY
Y5D=SEP/PYP
P5D=SEP

INDRE=1

§JDY=5

30 T) 60
FAC=(PS=-SFP) /DSl
IF (FAC.3E.PACTOR) GO TO 55
FACTOR=FAC

SEP=P5

KIDY=3

32 T2 110
SEP=SEP+FACTCR*DSU
30 T 11)

JN 5LOPE 5, GET FACTCER FCR STATUS CHANGE

DSS=EAL%DVAX

IF (DSS) 51,110,62
FAC=("YNC-SEP) /DS5

[P (FAC.3E.FACTOR) GO TC 65
FACTOR=FAC

SEP=PYNC

KJDY=3

30 T 119

FAC=(P5D-SEP) /DSS

[F (FAC.GE.FACTOR) 6O TG KS
FACTIR=FAC

SEP=P5D

30 TO (63,64) ,INDRE

RIDY=4

30 O 110

XKJDY=3

30 TO 110
SEP=SE2+FACTOR*DSS

30 TO 11)

ON SLOPE 6, GET FACTOR FCR STATUS CHANGE

DS6=EAL6%DVAX

IF (DS6) 71,110,72
FAC=(PYNZ-SEP) /DS6

[F (FAC.3E.FACTOR) GO TC 75
FACTCR=FAZ

SEP=PYNC
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KODY=3

30 TO 110
FAC=(P5D-SEP) /DS6
[P (FAC.3E.PACTOR) GO TC 75
FACTOR=FAC

SEP=P5D

50 TO (73,74) ,INDRE
KODY=4

30 TO 110

£0DY=3

50 7O 110
SEP=SEP+FACTCR*DS6
30 T2 110

ON SLJOPE 7, GET FACTOR FOR STATUS CHANGE

D3 7=EAL7*DVAX

LF (DS7) 3%,110,82
FAC=(PYNC-SEP) /DS7

[F (FAC.GE.FACTOR) GO TO 82
PACTCR=FAC

SEP=PYNC

g2DY=3

352 TO 11)

FAC=(PS-SEP) /DS7

IF (FAC.3ZE.FACTOR) GO TG 81
FACTOR=FAC

SEP=PS

KO DY=8

3 TO 112
SEP=SEP+FACTOR*DS7

33 T0 110

2¥ SLOPE 3, GET FACTOR FOR STATUS CHANGE

DS8=EALB*DVAX

[F (DS8) 91,170,92
£5D=VTOT/DELTY
f5D=SEP/PYP
P5D=SEP

INDRE=2

KODY=5

30 TO 60

FAC=(PYP-SEP) /DS8

[P (FAC.GE.FACTOR) GO TC 93
FACTOR=FAC

SEP=PYP

KJ2DY=9

350 TO 119
SEP=SEP+FACTOR*DS8

350 TO 110

ON SLOPE 3, YIELDED BOT CONTINUTING
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IF (DVAX.LT.0.) GO TO 10"
JPDATE PLASTIC DEFORMATTCNS

DV P=FACTOR*DVAX
XppP=XPP+DVP/DELTY
VP ACP=VPAZP+DVP
30 TO0 123

YIELDED BUT UNLCADING
KJDY=3
2ESIDJAL ELONGATION, BRE

IP (IELO3.NE.7) GO TO 105

SLEND=60./RATIC

RE=0.0175% (0.55*X3RE/SLFND+0.0002%X3RE**2)
RE=REZ*PL/DELTY

XPP=XPP+RE

IELO5=0

£3RE=XPP-PFAC
30 TO 30

CHECX FOR COMPLETION CF CYCLE

FACAC=FACAC+FACTOR
[F (FACAZ.LT.D.9969999) GO TO 20

NEW PORCE, UNBALANCED FCERCE DUP TO YIELD

ST=SE?
0SUB=SLIN-SEP
[F (ABS({DSUB) .GT.'.E-8) FEBAL=1

JEFORMATION RATE FOR DAMPING

[P (DFAC.EQ.C.O0.AMD.DELTA.FQ.0.0) GO TO 140

IF (TIME.EQ.O0.) GO TO 150

KBAL=1

JVAX="OSA* (VELM(3) ~VELU (1)) +SINA*(VELA (8) -VELM (?))

BETA-J) DAMPING FORCE

[F (DFAC.EQ.0.) GO TO 130
DSUB=DSUB+ DFAC*FAL*DVAX

STROUCTURAL DAMPING FORCE

I[F (DELTA.EQ.0.) 50 TO 140
DSL=DELTA*®STGY (ABS (ST),DVAX)
DSUB=DSUB- DSL +SDFQ

SDFO=DSL
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UNBALANCED LCAD VECTOR

140 IF (XBAL.EQ.O0) GO TO 150
DD (3) =DSJIB*COSA
DD (4) =DSUB*SINA
DD (1) =-DD (3)
DD (2) =~DD( 4)

EXTRACT ENVELOPFS

150 IF (SENP.GE.ST) GJ TO 160
SENP=ST
TSENP=TINE
50 TO 178

160 IF (SENN.LF.ST) GO TO 170
SEN¥=ST
ISENN=TIME

170 IF (VENP.GE.VTGCT) GO TO 180
VENP=VTOT
TVENP=TINE
53 TO 192

130 IF (VENN.LE.VTOT) GO TO 190
VENN=VTOT
IVENN=TIME

190 CONTINUE

PRINT TIME HISTORY

IF (RKPR.LT.O) GO TO 200
I[F (K2BR.EQ.0.0R.KJOTJTDT.FEQ.0) 50 TO 240
200 If (IHED.NE.O) GO TO 220
KKPR=TABS (XPR)
PRINT 210,KKPR,TIME .
210 FIORMAT (///18H RESULTS FCR GROUOP,I3,
27H4, BUCKLING ELFMENTS, TIME =,F8.3
//5%X,58 FLEM,3X,4HNCDE,3X,4HNODE,3X,5HYIFLD,8X, SHAXTAL, 4X,
9H NET +3X,25HACCTM. PLASTIC EXTENSIONS/SX,
54 WNO.,3X,44 I ,3%X,48 J ,3X,5H CODE,8X,SHFORCE,4xX,
SHEXTENSION,SX,8HPCSITIVE,S5X,80¥EGATIVE /)
[1ED=1
220 2RINT 230, IMEM,NODT,NODJ,KODY,ST,VTOT,VPACP,VPACN
230 FORYAT (I6,217,1I8,F14.2,3F13.5)

NEwWwN =

SET INDIZATOR FOR STIFFNES3S CHANGE

240 XS5T=0
LF (KODYX. NE.KODY) KST="

UPDATE INFORMATION IN CCHMS
DD 250 J=15,47

250 COUS(J)=20M (J)
C0MS(2)=224(2)

RETGRN
END
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SIBROUTINE OUTS (/COMS/,/NINFC))

ZO0Md0ON /INTFEL/ IMFM,KST,LM (4),KGEOM,EAL,PL,COSA,SINA,PPAC,RATIO,

DELTY,KOTYX,KODY,XPP, X3RE,EAL1,EALY,RAL6,FALT,EALS,
Xs,Y5,P5,%6,X5D,Y5D,PSD, INDRE, IVRTX,

TELCG, SEP, VIOT, XTOT ,VPACP,VPACN,VENP, TVENP, VENN,
TVENN,SENB,TSENP,SENN,TSENN,SDFO, NODI,NODJ,KOUTDT,
PYP ,PYN,PYNC,REST (147)

DIMENSION COM(1),COMS(T)
EJUIVALENCE (IMEM,COM(1))

ENVELOPE DUTPUT, BUCKLING FLEMFENTS

23 10 J=1,NINFC
CoM (J) =CO¥ S (J)

(IMEM.EQ.1) PPINT 20
20 FORMAT

(27H BUCKLING FLEMENTS (TYPE 9)////

SH ELEM, 3X, UHNODE, ¥X,4HNODE, *1X,20HMAXINITY AXIAL FORCES,
15X, 18HMAXT MUN EXTENSIONS, 12X,25HACCUM. PLASTIC EXTENSIONS/
SH NO.,3%X,4H I ,3X,44 J ,5X,THTENSION,3Y,4HTINE,

6X, SHCOMPN,3X,4HTINE,SY ,8HPOSITIVE, 3X,4HTIME,

3¢, BHNEGATIVE, 3X,4HTIME,7X, 8HPOSITIVE,SY,8HNEGATIVE/)

23I4T 30,IMEM,NODT NODJ,SENP,TSENDP,SENN,TSENN,VENP,TVENP,VENN, TVEN

1N, VPAZP,VPACN
30 ?D)RMAD (I%,17,I7,2%,2(F11.2,F7.2),2X,2(F11.5,F7.2),2%,2F13.5)
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SJBROUTINE FSTS (/STIF/,/KCD/)

FORM AXIAL STIFFNESS

CJHYON /INTFTEL/ IMEM,KST,LM(4),KGEON,BAL,PL,COSA,SINA,PPAC,RATIO,
DELTY,KODYX,X0DY,XPP,X3RE,EAL1,EALY,FAL6,EAL7 ,BALR

KY Y=KOD+1
30 T
STIP=EAL
3 TO 113
STIF=EAL!
30 To 110
STIF=EAL
30 TO 110

STIF=J0.0)1*EAL

30 TO 110
STIF=EALY
30 7O 112
ST IF=EAL
30 T™O 112
SEIF=EAL6
30 TO 119
SCIP=EALT7
3 TO 112
SCIF=EALS
50 TO 113

STIF=0.001%EAL

RETIRN
END

REST (177)

63

(13,20,30,40,50,60,72,80,90,100) ,KYY
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SUBROUTINE LAYC
SENERATE P~DELTA HYSTERESIS CURVE

CIMMON /INFEL/ IMEM,KST,LM({4),KGBEOM,3AL,PL,COSA,SIN¥A,PFAC,RATIO,
DELTY,KODYX,KODY,XPP,X3RE,EAL1, EAL4,EAL6,EAL7,EALS,

—

2 X5,Y5,PS,Xx6,X5D,Y50,PS5D,INDRE,IVRTX,REST (168)

YESIDUAL ELONGATION, RE

SLEND=60./RATTIO
3E=0.0175% (0.55*X3RE/STEND+0.0002*X3RE**2)
RE=RE*FL/DELTY

XPP=XPP+RE

XPP1=1.+XPP

BETA=1./3.

DENOM= (XPP1-X3RE)+ (1. +PFAC)/BETA
(NUMR=XPP-X3RE-PFAC
YS=RATIO*XNUMR/DENOM
{5=XPP-Y5/BETA

SLOPY= (YS5+PFAC) /(X5-X3RE)
EAL4=EAL*SLOPUY

SLOP8= (1.~-YS) / (XPP1-XS5)
EAL8=EAL*SLOPS

X6 =X5-Y5-PFAC

{PP=XPP-RE

RETURN
END
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5JBROUTINE VRTXS (/PACAC/,/DVAX/,/TIME/)
AXTAL STALE DETERMINATICN IN TENSION AND VERTFX REGIONS

SoOuMON /IWFEL/ IMFM,KST,LNE({4),KGEONM,BAL,PL,COSA,SINA,PFAC,RATIO,

DELTY,RKODYX,RODY,XPP,X3RE,EALY,EALY,EAL6,PAL7,EALS,
X5,Ys,pP5,%6 ,45p,Y5D, PSD,INDRE,IVRTX,
TELOG,SEP, VIOT, XTOT,VPACP,VPACN,VENP, TVENP, VENN,
TVENN,SENP,TSENP,SENN,TSENN,SDFO, NODI ,NODJ,KOOTDT,
PYP ,PYN,PYNC,REST(7147)

INITIALIZE

FACAC=0.

FACTOR=1,~-FACAC

{2 DYI=RODY +1
[P (KJDYI.EQ.10) KODYT=4
30 TO (29,30,40,50),KCDYT

J¥ SLOPE J, ELASTIC, GET FACTOR FOR STATUS CHANGE

OSEP=EAL®DVAX

IF (DSEP) 21,60,22

FAC= (PYN-SEP) /DSEP

[P (FAC.3E.FACTOR) GC TO 23
FACTOR=FAC

SEP=PYN

Ko DY=1

SENN=PYN
TSENN=TINMFE
33 TO 60

FAC=(PYP-SEP) /DSEP

[F (FAC.SE.FACTOR) GG TO 232
FACTOR=FAC

SEP=PYP

KJDY=9

30 TO 60

SEP=SEP+FACTOR*DSEP
52 TO 60

J¥ SLIPE 1, GET FACTOR FCR STATUS CHANGE
JS1=EALT*DVAX

IF (EAL1.NF.0) GO TO 34

KJDY=3

IVRTX=1

30 TO 80

IF (DS1) 31,60, 32

BUCKLED B80T LOADING
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KJ2DY=2
50 TO 40

BUCKLING AND CONTINUTRAG

FAC=(PYNC-SEP) /Ds1

IF (FAC.GE.FACTOR}) GO TC 33
FACTOR=FAC

SEP=PYNC

KO DY=3

JPDAIR PLASTIC DEFORMATICN

VPACN=VPACN+FACTOR *DVAX
352 TO 70

SEP=SEP+FACTOR*DS1
JODATE PLASTIC DEFORMATTCN

VPACN=VPACN+FACTOR *DVAX
30 TO 60

JN SLOPE 2, GET FACTOR FOR STATUS CHANGE

DS2=EAL*DVAX
I# (DS2) %1,67,42

BICKXLI NG AND CONTINUING

RODY=1
32 To 30

BIJCXKLED BJT LOADING

FAC=(P§N:-SEP)/DS2

[F (FAC.GE.FACTOR) GO TC 43
FACTOR=FAC

SEP=PYNC

KJDY=3

33 TO 70

SEP=SEP+FACTOR*DS?2
50 TO 60

JN SLOPE 6, TENSTON YIELDING

[F (DVAX.LT.9) GG TO €1
DVP=FACTIR*DVAX
{PDP=XPP+DVP/DELTY

V2 ACP=VPATP+DVP

53 TO 80

YIELDED 30T UNLOADING
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KODY=0
{3RE=XPP-PFAC
50-TO 20

FACAC= PACAC+FACTOR .
IF (FACAZ.LT.0.99%9999) GC TO 10
RETURN

FACAC=FACAC+FACTOR
IVRTX=1

RETURNY
END
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APPENDIX A-2

FORTRAN LISTING OF END MOMENT-BUCKLING
ELEMENT EL10
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IRsL10 (/RCCNT/,/TCONT/,/NDOF/,/NINPC/,/1D/, /X/, /Y /4 /NN/

ZOMMON JINFEL/ IMEY,KRST,IN({6) ,RGEOM,FL,COSA,SINA,A(z,5),EK1?,

FK22,ER12,ESH, EAL, 5K1 16, EK22H, KODYX (2) ,
KODY(2) ,BMTOT(2),SPTOT(2) ,FTOT(2) ,PRTOT (2),SENP (8),
SENN(8) ,TENE(8) ,TENN(8) , PRACP (2) , PRACN (2) ,BMEP (2),
SDACT (3) ,EAY (2,2),NODT, NODJ,KOUTDT,P12,PR21,

PMX (3,2,2) JAT(4,2,2) ,A2(4,2,2),
PFAC,RATIC,DELTY,XODYX1,KODY1,¥X2P,X3RE, FAL1, EALY,
EAL6,EAL7,ZAL8, X5,Y5,P5, X6, X5D,Y5D,P5D, INDRE,
IVRTX,1ELCG,VTOT,XTOT,VPACP,VPACN,VENE, TVENP,VENY,
TVENN,PYP,PYY,PYNC,REST (30)

OMMON /8ORK/ SFF(8),SSFF (8),DD(6) ,GA(6,6),FFEF(6),FF(6),

PMAX(5,2,40) ,AAT(U,2,40) ,AA2(4,2,U40),X%(5,2),
FIYF (490,S) ,FEF(25,7) ,KDFEF(35),FINTIT (30,6),
N%EM ,NMET, NSUXF, NFEF ,NINT,INODI,INODJ,INC,IINC,
IMBT,IIMBT,IKSFI,IXSPJ,TKG4,IXDT,KFDL,IKFDL,KFLL,
14FLL,FDL,FFCL,FLLF, A¥,SLEND, 2Y21,PYP2,P¥YN1,P¥N2,
K5%1,K52,XL,YL,DET,PLL,SS, W (25)

CIMENSICH KCOAT (") ,ID(MN,1),X(1),Y (?),COM(1) ,AST(2) ,YESNC(2),

KSF(Z) ,FTYP1(40,2)

EZUIVALENCE (IMEH,CCN (1))
UATA AST/ZH ,2H %/
JATA YESND/4H YES,U4H NC /

DATA INPUL, ENU MOMENT-EUCKLING ELEMENTS

NDOLF=6
NINFC=170

KZG4=KCONT (1)

MAEA=KCUNT

(2)

dMBT=KCCHI (3)
WSURF=KCONT (4)
NFEF=KCONT (5)

NINT=KCONT
ERIND 10,

(6)
(XCONT(I),I=2,6)

10 FOXHAT (354 END NMOMEYT-BUCKLING ELEMEUTS (TYPE “0)////

1 343 NC. CF ELEMENTS =T4/
Z 34H NG. CF STITENESS TYPES =I4/
3 343 NO. GF YIEID SUTFACES =I4/
4 34H NG. OF FIXEC ENC FORCZ PATTERNS =T4/
5 344 NG. CF INWITIIAL FORCE 2ATTERNS =14)

LNPUT STIFFNESS PROPERTIES

ERIND 20

20 FORMAT (////%680 SIIFFNESS TYBES//

5H TYPE,6X,7H YCONGS,4%,SHYARDENING,6X,7dSECTION,
3%, SHREFERENCE, 6X ,26HFLEXURAL STIFFNESS FACTOES,
3X, SHSHEAER,5X,7HECISSON/
SH NG.,6X, 7IMCDULOS,4X,SA PATIC ,b%,700 ALEA ,
3X,%H INEPTIA ,6X,26H II JJ TJ ,
8¢, 5H ARFEA,5X,7H RATIC /)

U FE W=
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30 FRINL 50,

4o
50

DO 30 ¥=1, NMET
EEAD 40, I, (FTYP(¥,J),J=1,6)

u,(FTYP(N,J),d=1,9)

70

FOKMAT (15,4F10.0,375.0,2F1C.0)
FORWAT (I4, E14.4,E13.4,2F12.2,3%,3F10.3,F13.2,F17.3)

INPUT RADIUS OF GYRATION , X AND PHI FACTORS

PRINT 60

60 FORMAT (////16H STIFFNESS TYPES//

5H TYPE,6X,10H RADIUS OF,6X,18d EQUIVELENT LEN:TH,
6K, 19H STRENGTH RELCCCTION/

54 NO.,6X,10H GYFATION ,12X,12H COEFFICIENT,

1
2
3
4

12X ,7H FACTORK)
02 73 N=1,NMBT

READ 80, I, (FTYP1(N,J),J=1,3)
0 FRINT 9C, N,(FTYP1(N,J),J=1,3)

FORHMAT (I5,3F10.C)

FORMATI (I4,4%,F10.3,2(10%,F10.3))

IyPUT HM-P YIELD SURFACE BEOPZRTIES

PRINT 110

110 FORMAT (////25H YIELD SORFACE PEFCPERTIES//

129
130

o UV EWN -

8H SURTACE,

9X,13HYITLD XOMENTS,'5X,

124YIZLD FORCES, S$X,16HCCORDINATES OF A4,6Y,

16 HCOCEDINATES CF Ey
8H NO. ,

5X,3ADP0OSITIVE, SX,3HNEGATIVE, 8X,

SHZGC4PH, 6X, THTENSICH,6X , 16HXOMENT FORCE,6X,

168 HOJENT FCFCE/)

DO 200 IYT=1,NSURF
ZEAD 12¢, I, (SFF
ERINT 130, IVT, (
FORMAT (15,4F10.2,4 ¢
FORMAT (I5, F15.2, 3F z
)
)
)

{

SEF (4) =A535 (STF (L)

IF (SPF(b).ED.C.) STF
IF (SFF(3).FQ.0.) STF

ST EEL TYPE

¢MAX (1,1, IYT) =SFF
PMAX(1,2,LYT)=STF
PYAX(Z,1,lYT)=SFF
PAAL(z,2,IYT) =5FF
PAAX(3,1,I¥YT) =5.
PAAX (3,2, IYT) =C.
PMAX (4,1, IYT) =SFF(U) *SFF (6)
“MAX(4,2,LYT)=SFF (U4) *SFF (3)
PUAX (5,1, IYT) =SFF (4)
21314(5,2,LYT) =SFF (4)

1 (1,1)=0.

XM (1,2)=0.
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L4 (2,1)=SFF (1) *SFP (5)

XM (2,2)=SFF (2) *SFF (7)

X4 (3,1)=SFF (1)

XM (3,2)=SFF(2)

X4 (4,1)=X4(2,1)

M (4,2)=XK(2,2)

x4 (5,1)=0.

i (5,2)=0.

DO 153 J=1,2

PP2=PHAL(1,J,IIT)

X4 2=x4 (1,J)

DO 190 I=1,4

PP 1=PP2

AM1=£42

PP 2=PHAX(L+1,J,IYT)

XA2=X% (I+1,3)

DENOM=XN1%Pp2-XM2%* 221

AA2(I,J,I1T)=(PP2-P21)/CENCH
190 4A1(1,J,I1¥T)=(X11-X42) /DENCH
209 ZONTINUE

FIXED END FORCE PATTEENS

IFP (NFEF.EC.J) GO TO 25¢C
PRINT 210
210 FORMAT (////25H FIXED END FORCE PATTERNS//
84 PATTERN,2X,4HAXIS,7X,S5HAXTIAL,7X,SHSHFAR,64,6HMOMENT,
7%, SHAXIAL, 7X, SHSEEAR,6 X ,6F 40424 T,54,8HLL. RED./
8k NO. , 3X,4ACCCE,7X,SHAT 1,7%,5FAT TI,6f<,6H AT T ,
7%,5H4AT J,7%X,5HAT J,6X,6H AT J ,5X,8H FACTOR /)
DO 220 N=1,NFEF
KEAD 23C, I,XDFEF(N),(FEF(N,J),J=1,7)
220 PRINT 240, N,KDFEF (N),(FEF(N,J),J=1,7)
230 FORMAT (215,751C.0)
<40 FOnMAT (I5,I9,F13.2,5F12.2,F12.3)

£ Wi

INITIAL FORCE PATTERNS

250 IF (NINT.EQ.0) GO TO 390
PRINI 260
260 FORAAT (////28d INITIAL END FORCE PATTESENS //
84 PAiTERN,7X,SHAXIAL,7X,SHSHEAE,H6X,6HXOMENT,7X,SHAKIAL,
7% ,5HSHEAR,6X ,6 HMCMENT/
64  NO. ,7X,S5SHAT I,7X,5HAT T,6X,0H AT I ,7X,SHAT J,
7X, SHAT J, 6X,€H AT J /)
D) 275 N=1,NINT
READ 280, I, (FPINIT(N,J),Jd=1,6)
270 PRINT 29C, N, (FINIT(N,J),J=1,6)
280 FORMAT (IS, 6F10.0)
250 FORMAT (IS,3X,6F12.2)

Fwi -

ELEMENT SPECIFICATION

300 Z2RINT 31C
310 FORMAT (////224 ELEMENT SEECIFICATION//
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16d INITIAL FOFCES /
3X,4H NO.,3X,4H I ,2X,489

1ZH DL L ,2%,178 DL
174 NG. SCALE FAC./)

WAL EWN

D2 320 J=36,84
320 COM(J)=0.

K2DYX (1) =0

KJODYX (2)=2

KODY (1) =0

K0DY (2) =0

K3 T=0

D2 325 J=145,167
325 cou(J) =0.

KODYL1=0

KODY1=0

Xep=0.

IMES=T

J

»2X,4HDI

Ly

330 READ 340, INBL,INODI,INCDJ,IINC,ITYBT,

11KPDL, IKFLL,FFDL,FFLL,IINIT,FFINIT
340 PORMAT (1115,2F5.0,1I5,FS5.C)

I? (INEL.3T.IMEM) GO TC 380
350 NODI=INODI

NODJ=INODJ

INC=LINC

I¥ (INC.EQ.0) INC=1

IMBT=IIMET

KSF (1) =IKSFI

KSF(Z) =IKSFJ

KGEOK=IK3Y

KOUTDI =IKDT

fNG=YE SNO( 2)

IF (KGEOM.NE.J) YNG=YESNC (1)

{NT=YESNG( 2)

IF (KOUTDI.NE.C) YNT=YESNC (1)

KFDL=IKFDL

KFLL=IKFLL

FDL=FFDL

FLLM=FFLL

FLLF=1.

IF (RFLL.EQ.C) GO TO 26C

FLLF=FEF(IKFLL,7)

IP (FLLF.E¢.0.) FLLF=1.F-¢€
360 INIT=IINIT

FIND=FFINIT

ASTT=AST(1)

1F (INEL-N®EM) 330,380,330

370 NOD1=NODI+INC

3%, 44E£LEY, 53X, 4ANCCE,2X, Y4ANODE ,2X ,4HINODE,2 X, LHSTIF,
24, TU4HIIELD SUFFPACES,2X,4HGEOM,2X,U4HTINE, 3X,
1¢HFEF PATTERNS,3X,17HFEF SCALE FACTCRS,3X,

FF,2X,4HTYPE,

2X,14d END I END J ,2X,4HSTIF,2X,4HHIST, 3X,

33X,

IKSFI,IKSFJ,IKGM,TKDT,
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390

400

420
421

425
426

—
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NODJ=NODJ + INC
ASTT=AST(2)

PRINT 350, ASTT,IMENM,XCDI,NODJ,INC,INBT, KSF (1) ,KSF.(2) ,ING,YNT
+KFDL, KFLL, FDL, FLLM,INIT,FINT
PORMAT (A2,14,17,316,217,5%,A4,2%,44,17,16,F11.2,F10.2,17,F11.2)

LOCATION MATRIX

0D 40C 1=1,3

LY (I)=ID(NCDI,TI)
L4 (I+3)=ID(XKODJ,TI)
CALL BAND

ELEMENT PAOPERTIES

AL =X (NODJ) -X(NODI)

YL=Y (NODJ) =Y (¥0DI)
FL=SQART (XL *#*2+YL*x2)
20SA=XL/FL

SINA=YL/FL

{MOD=FTYP (I4BT, V)

2SH=FTYP (I4BT,2)
PPSH=1.-254d

ESH=PSH/PPSH

AR EA=FTYP (IMBT, 3)
EAL=Y4OD*AKEA/FL
RAD=FTYP1(IMBT,1)
AK=FTYP1(IMBT,2)
SLEND=AK*PL/RAD
kATIC=60./SLEND

KS1=KSF (1)

KSZ=KSF (2)
PY21=PH4AX(5,1,KST)
PYP2=PHAX (5,1,KS2)

IF (PYP1.LE.PYS2) GO TC 4zZC
PYDP=PYP2

GO TO 421

pYP=pYP1

CONTINUE

PYN1=2MAX (1,1,KST)
PYN2=PMAX (1,1,KS2)

IF (PYN1.LE.PYNZ) GC TC 43S
BYN=PYN2

GO TO 426

PYN=2Y N1

CONTINUE

PHI=FTYP1(IMBT, 3)
PYNC=PHI*P YN

PFAC=ABS (PYNC/PYP)

SLOP1= (PPAC*(1.-PHI)) /(FFAC-5. *PHI)
EAL1=SLOP1*EAL

X3KE=-PFAC

QELTY=PYP/EAL
EIL=Y4OD*FTYP (IMBT,4) *PP<H,FL
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FACL=FTYP (IMET,5)
FACR=FTYP( INBT, 6)
rACLR=FTYP (INBT,7)
IF (PACL.EQ.Q0.) PACL=1.E-6
1P (FACR.EQ.0.) FACR=1.E-¢€

IF (PTYP(LMBT,8).EC.0.) GC TO 430
SHFAC=EIL/ (FTYP (IMBT, 1)/ (2.*% (7 .+FTYP (I¥BT,%))) *FTYP (IMBT,8) *FPL*DPS

14)
DET=FACL*FACR-FACLR**2
FII=FACR/DET+SEFAC
FJJ=FACL/DET+SHFAC
FIJ=-FACLR/DET+SHF AC
DET=FLI*FJJ~FIJ**2
FACE=FII/DET
FACL=FJJ/DET
FACLR=-F1J/DET
EK11=EIL*FACL
EK22=EIL*FACR

EK 12=EIL*FACLR
EK114=EK11-BK 12%%2/EK22
EK22H=EK22-EK12*%2 /JEK 11
PR12=EK12/EK22
PE21=EK12/EKT1

4-P YL ELD SURFACE EQUATICN DATA FOR EACH END OF

DO 450 K=1,2

KK =KSTF (K)

DO 450 J=1,2

DO 440 I=1,3

PMX (I, J,K) =PHAX (I+*,J,KK)

DD 450 1=1,4

A2 (I,3,K)=PPSH/AAZ (I,J,KK)
21(I,J,K)=AA1(I,J,KK) *A2 (I,J,K)

OLISPLACEMENT TRANSFORMATICX

A(1,1) =-SINA/FL
A(1,2) =COSA/FL
A(1,3) =1.
a(1,4)=-a (1,1
A(1,5)=-A(1,2)
a(1,6) =0.
A(2,1)=A(1, 1
A(2,2)=A(1,2)
A(2,3) =0.
B(2,4)=2(1,4)
A(2,5)=A(1,5)
a(2,6) =1.

LJOADS DUE TO FIXED END FCECES
D2 480 I1=1,6

SFF (I) =0.
S3SFF(I)=0.

AN

ELEMENT
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0030

75

1F (KFDL+KFLL.EQ.0) GC TC 610
DO 450 I=1,6
DO 490 J=1,6
GA (I, J)=0.

34 (1,1)=COsA
3A(1,2)=SINA
3A (2,1)=-SINA
GA (2,2)=C0SA
GA (3,3)=1.

3A (4,4)=COSA
SA (4,5)=SINA
(5,4) ==SINA
(5,5)=C2SA
(6,6)=1.

Gl G2 W
> o B

IF (KFDL.EQ.0) GO TO 53¢

DO 500 I=1,6

FFEF(I)=FEF (KFDL,I)*PDL

IF (KDFEF(KFDL) .EQ.0) GC TO 510
CALL MULT (GA,PFEF,SFF,6,6,1)
30 TO 530

D9 523 1=1,6

SPF (I) =FFEP (I)

LF (KFLL.EQ.C) GC TO 57C

DO 540 I=1,6

FLL=FLLF*FLLX

iF (1.EY.3.0R.I.EQ.6) FII=FLLM
FPEF(I)=FEF(KFLL,I) *FLL

IF (KDFEF(KFLL) .EQ.)) GC TC S50
CALL 4ULT (GA,FFEF,SSFF,6,6,1)
30 TO 570

9) 560 1=1,6

SSFF(I)=FFEF(I)

DO 580 I=1,6
FF (I) =SFF(I1)+3SFF ()

CALL HOULLY (GA,FF,DD,6,6,1)
ZALL SFOKCE (DD)

MODIFY TO GE1 INITIAL EILEMENT FQZCES3
D0 600 I=1,6

FLL=1./PLLF

IF (I.EQ.3.02.I.EQ.6) FIL=1.

SFF (I) =SFF (I) +SSFF (I) *F1L

INITIAL FORCES

IF (INIT.BQ.0) GO TG 63C

DO 620 I=1,6

SPF(I) =SFP (I) +FINIT(INIT,I)*FINT

INITIALIZE ARRAYS
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BAEP (1)=SFF (3) *PPSH
GMEP(2) =SFF (b) * PPSH
FTOT (1) =SFF (1)

FIOT (Z)=SPF (L)
SFTOT (1) =SFF(2)
SPTQT (2) =S FF(5)
BATOT (1)=SFF(3)
BMTOT (2) =SFF(6)

DO 650 I=1,6
SS=BMTOT(I)

IF (S5.LI.0.) GO TO 640
SENP(L) =SS

G0 TG 650
SENN (L) =SS

CONTIHUE

YIELD MOMENTS FOE INITIAI FGRCE STATE
CALL Y010

CALL FINISH

SENERATE MISSING ELEMENTS

IF (I4EM.EC.NMZH¥) RETURN

INEd=IHEM+1

IP (IMEM.FQ.IWNEL) GO 1IC 350

33 TO0 370

END
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5JBROJTIKEZ STIF3i0 (/MSTEP,,/NDOF/,/NINFC/,/COMS/,/FPK/,/DFAC/)

COMMON /INFEL/ IMEN,KST,LM (6),KGEOM,FL,COSA,SINA,A(2,6),F%11,
EK22,EXK12,PSH,SAL,EX11H,EK22H, XODYX (2) ,
XKODY(2) ,EMICT(2) ,SFTOT(2) ,FTOT (2) , PRTOT (2) , SENP (8),
SEEN (8) ,TENP (8) ,TENN(8) , PRACP (2) , PRACN(2) ,BMEP(2),
SDACT (3) ,834Y (2, 2),NODI,NODJ,RKOUTDT,PR12,PR21,
PMX (3,2,2) ,A1(4,2,2) ,A2(4,2,2),
PFAC,RATIO,DELTY,KQDYX?,KODY?,XPP,X3RE, EAL, EALY,
EAL6 ,EAL7 ,EAL8, XS,Y5,P5,X6,X5D,Y5D,P5D, INDRE,
IVR TX,IFLOG,VTOT,XTOT,VPACP,VPACN,VENP, TVENP,VENN,
TVENN ,EYE,EYN,2YNC, REST (30)

COMMON /WORK/ ST(Z,2),STT(2,2) ,ATK (6,2) ,AA (2,6) ,PFL,AXK,FAC,

1 FFK(6,6) ,FSK (6,6) ,% (1893)

OIMENSION COM(1),CO¥S(1) ,FK(6,6)

EQUIVALENCE (IMEN,COHM (1))
SIIFFNESS FORWMULATION, END

92 10 J=3, 35
Cod (J) =CoMsS (J)
DO 15 J=141,14¢
T24(J) =cons (J)

CURRENT AXIAL STIFFNESS
CALL FSTI13A (3T1F,RODY?)
PREV1IOUS STIFFNESS

1P (MSTEP.LT.Z) GU TO 20
CALL FST1JA (STIFF,RODYX1)

STIIFrNESS DIFFERENCE

STIF=STIF-STIFF
CONTINUE

02 30 I=1,36
FSK(I,1)=2.
ALK=SDP IF*CC3A*%2
FSK(1,1)=AXK

F5X (1, 8)=-AXK
FSK(4,4)=2XK
AXK=STIF*S INA%*2
FSK(2,2)=AXK

FSK (2, 5)==- AXK
F3K(5,5)=AXK
AXK=STIF*SINA*COSA
FSK(1,2)=AXK
FSK(1,5)=-AXK
FSK (2, 4)=-AXK
FSK(4,5)=AXK

00 40 I=1,6

DO 40 J=I,6

BCYENT-BUCKLING ELEMENTS
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50
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FSK(J,I)=FSK(1,Jd)

CUBRENT FLEXUZAL STIFFNESS,

CALL FSTI0B (5T,R0DY)

PREVIOUS STIFFNESS

IF (MSTEP.LT.2) GO TO SO

CALL FST10B (STT,KO

DYX)

STIFFNESS DIFFERENCE

DO 60 I=1,4
ST (I,1)=ST(I,1)-STT

(I,7)

78

CALL MOUL1ST (A,ST,ATK,FF,6,2)

5ET IJTAL STIFFNESS
DO 7C I=1,6

DO 7C J=1,6

FK (I,J)=FK (I,J) +FSK
KEZ TURN

JRIGINAL STIFFNESS

FAC=1.

IF (MSTEP.NE.1) GU TC 85

FAC=DFAC
DO 80 I=
FSK (I, 1)
CC=(1.+P
02 90 I
ST (I,1)
ZALL A0L

, 36
FSK(I,1)*F
H) *FAC

nn

1,3
=FS
Si)
1,4
SL (I,1)*cCC
IST

(I,J)

AT STEEF C, EETA-C, CORkN AT STEP

ac

(A,ST,ATK,F¥,€,2)

SET IOTAL INILIAL STIFFNESS

DO 100 I=1,6
D2 102 J=1,6
FK (I,J)=FX (I,.J) +FSK

ADD GEOMEIRIC STIPT

IF (43TEP.EQ.0.CR.KGECM.EC.V)

(I,J)

NESS

PF L= (ZOHS (41)-CC¥S (80)) / (2.%FL)

DO 112 I=1,4
ST (I,1)=PFL

DO 130 1I=1 ,14

AA (I,1)=C.

AA (1,1)=-SINA

43 (1,2)=C0SA

AA (2,4)=SINA

AA (2,5) =-CGSA

CALL AULLIST (A4,ST,

ATK,T

FK,6,2)

ELASTO-PLASTIC PART

GC



DO 140 I=1,36
140 FK (I,1)=FK(I,1)+PFPK(I,1)

c

C

120 -EETURN

END

79
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5JBRJUTINE RESP10(/NDOF/,/NINFC/,/KBAL/,/KPR/,/COMS/,/DDISN/,/DD/,
/TI¥E/,/VELN/,/DFAC/,/DEITA/)

STATE DETESRMINATION, END MCMENT-BUCKLING ELEMENTS

ZOMMON /INFEL/ TMFM,KST,IM(6),RGEOM,FL,COSA,SINA,A(2,5),EK11,
©K22,EXK12,ESd,EAL, ER11H, EK22H, RODYX (2) ,
KODY (2) ,BMTCT(2),SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENN(8) ,TFNE(8) ,TENN(8) ,PRACP (2),PPACN(2),BMEP(2),
SDACT (3) ,BMY (2,2),N0DT,NODJ,KO0OTDT,PR12,PR21,
PMX (3,2,2) ,A1(1,2,2),A2(8,2,2),
PFAC,RATIC,DELTY,KODYX1,RODY1,XPP,X3RE, BAL1, EALY,
FAL6, EAL7,EALS, X5,Y5,PS, XA, X5D,Y5D,P5D, TNDRE,
TVRTX,IRTOG,VTOT,XTOT ,VPACP,VDPACN,VENP, TVENP ,VENN,
TVFNN,PYP,PYN,PYNC, REST (39)

ZOMMON /WORK/ DVR(2),DPR (2),DBM(2),3BYTOT(2),B1L(2),BMFL(2),
DVAX,SLIN,FACAC, FACTOR,FAC,DSP,BMIUB,BMJUB,SFUB,
DSEP,DVP,SLCE6,SLOPT,DS8, DSS,DS6K,DS7,DSS ,EALE, FOUB,
XBAL1,KST1,W (1966)

DIMENS1ON COM(1),COMS (1) ,DDISM (1),DD(1),VEL¥ (1), NOD (2)
EJQUIVALENCFE (IMEM,COM (1)), (NODI,NOD (1))

DO 10 J=1, NINFC

234 (J) =CTUS (J)

KIDYX (1) =KODY (1)

{2DYX (2)=K0DY (2)

KODYX1=KOD Y1

IF (IMEM.E0.7) THED=0

JEFORMATION INCREMFENTS

DVAX=COSA® (DDTS™(4)=-DDISM (1)) +SINA* (DDISH(5) -DDIS¥ (2))
ROT=(SINA® (DDIS#(U)=DDTSN (1)) +COSA* (DDTSM(2) -DDISM(S)) ) /FL
JVR (1) =DDIS%(3) #ROT

DVR (2) =DDT SH1(A) +POT

VTOT=VTOT+DVAX

SEP={FTOD(2)=FTCT( 1)) *0.%

AXTAL FORZE INCREMFNT

CALL FST1JA (EALFR,FODV1)
SLIN=SEP+EALE*DVAX

AXTAL STATE DETFRMTYATICN

FYRTK=0.

CHECKX VERTEX STATE

[F (TVRTX.EQ.0) CALL VRTY1N (FVRTX,DVAX,SEP,TT¥F)
IF (IVRTY.EQ.0) 62 TO 129

FACAC=FVRTX
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FACTDR=1.-FACAC
KODYI=KODY 1+1
30 TO (30,120,120,40,50,6C,70,80,90,100) ,KODYT

ON SLOPE J, ELASTIC, GET FACTOR FOR STATNS CHANGE

DSEP=EAL*DVAX

IF (DSEP) 31,110,322
FAC=(PYNC-SEP) /DSEP

[F (FAC.GE.FACTOR} GO TO 33
FACTOR=FAC

SEP=PYNC

KJoDY1=3

30 TO 110

PAC=(PYP-SEP) /DSFP

[f (FAC.SF.FACTORY GO TC 33
FACTIx=FAC

SEP=PYP

K3DY1=9

30 TO 110

SEP=SEP+FACTOR*DSEP
30 TO 11)

JN SLOPE 3, BUCKLING AND CCNTINUING
I[P (DVAX.3T.0.) GG TO 41

UPDATE PLASTIC DEFORMATICNS
DVP=FACTOR*DVAX

VPACN=VPACN+DVP

5 7D 122

BUCKLING AND ONINDADING

XTOT=(VTIT-DVAX)/DELTY
IF ({TOT.GE.X3RE) GO TO 42

FSTABLISH NEW STIFFNFSS PCR REVERSE

{3RE=XTOT
TELOG=
CALL LAW1)
25=Y5%pyYp
KdDY1=4

30 TO 50

JSE OLD STIFFNESS POR REVERSE
[F (INDRE.EQ.2.AND.YTOT.LE.X6) GO TO 43

IF ((X5D-XI0T) .EC.0.) GO TO uu
SLOPS= (YS5D+PFAC)/(X5D-XTCT)
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64
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EAL6=EAL*SLOP6
KODY1=5%
30 TO 70

SLOP7= (YS+PFAC) /(X5-XTOT)
EAL7=EAL*SLOP7

KIDY1=7

30 TO 80

KoDY1=5

50 TO 60

ON SLJIPE 4, GET FACTOR FCR STATUS CHANGE

DS4=EALL4®DVAX

LF (DS4) 51,110,504
IF (SEP) 52,52,53
FAC=(PYNZ-SFP) /DSL
IF (FAC.3E.FACTOR) GO TC 55
FACTOR=FAC
SEP=PYNC

KoDY1=3

30 O 112
{5D=VTOT/DELTY
f5D=SEP/PY P
?5D=SEPD

INDRE=1

KODY1=5

30 TO 60
FAC=(P5-SEP)/DSH
I[F (FAC.GE.FACTCR) 50 TC S5
FACTGR=FAC

SEP=P5

g0DY1=8

30 O 1) .
SEP=SEP+FACTOR* DSt
30 19 110

JN SLOPE 5, GET FACTOR FOR STATUS CHANGE

D5S=EAL*DVAX

LF (DSS) 61,110,62
FAC=(PYNC-SEP) /DS5

IF (FAC.GE.PACTOP) GO TG 65
FACTOR=FAC

SEP=PY NC

K2DY1=3

30 T2 110

FAC=(PSD-SEP) /DS5

[F (PAC.3E.FACTOR) GO TQ 65
FACTOR=FAC

SEP=25D

30 TO (63, 64),INDEE

£0DY1=4

50 T2 112

KODY1=8
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52 T3 112
SEP=SEP+FACTOR*DSS
30 TO 110

ON SLOPE 6, GET FACTOR FCR STATUS CHANGE

DS6=EAL6*DVAX

IF (DS6) 71,110,72
FAC=(PYNZ~-SEP) /DS6

IP (FAC.3E.FACTOR) GO TC 75
FACTOR=FAC

SEP=PYNC

KoDY1=3

32 TO 119

FAC=(P5D-SEP) /DS6

IF (FAC.GF.FACTOR) GO TO 7%
FACTOR=FAC

SEP=P5D

30 7O (73,74 ,INDRE

KODY1=4

30 TO 112

KODY1=8

30 TO 110
SEP=SEP+[aCTOR*DS6

30 O 11D

ON SLOPE 7, GET FACTOR FOR STATUS CHANGE

DS7=CAL7*«DVAX

IF (pS7) 31,110,82
FAC=(PYNZ-SEP) /DS7

[F (FAC.3E.FACTOR) GC TC 83
FACTOR=FAC

SEP=PYNC

X2DY1=3

50 TO 1M

FAC=(P5-SEP) /DS7

IP (FAC.GE.FACTCR) GO TC 83
PACTOR=FAC

SEP=P5

£ODY1=8

30 TO 110
SEP=SEP+FACTCR*DS7

52 TO 110

ON SLOPE 3, GET FACTOR FCR STATUS CHANGE

DS8=EALB*DVAX

IF (DbS8) 31,110,¢2
XSD=VIOT/DELTY
YSD=SEP/PYP
PSD=SZP

INDRE=2

§J2DY1=5

30 1D 60
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100
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105
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FAC=(PYP-SEP) /DS8

IF (FAC.GE.FACTCR) GO TC G3
FfACTOR=FAC

SEP=PYP

£2DY1=9

50 T 11D
SEP=SEP+FACTOR*DS8

33 7O 110

IN SLOPE 3, YIELDED BOT CCNTINUING
If (DVAX.LT.0.) 30 TO 101 '
JPDATE PLASTIC DFEFORMATICNS
DVP=FACTIR *DVAX

XPP=X2 P+DV P/DELTY

VPACP=VPAC P +DVP

30 TO 120

YT ELDED 8UT UNLOADTYG

RODY1=0

AESIDUAL ELONGATION, RE

IF (IELG5.MNE.1) GG TO 175
SLEND=60./RATIO

RE=0.0175% (0.55*X3IRE/SLEND+L.DN02%X3 RE % ¥2)

RE=RE*FL/DELTY
{PP=(PP+RE
IELOG=0

{3RE=XPP-PFAC
32 TO 30

CIECK FOP COMPLETTON CF CYCLE

FACAC= FACAC+PACTOR
IF (FACAZ.LT.9.9959999) 5G TO 29

NEW FORCE, UNBALANCED FCRCE DUE TO YIELD

FTOT(2)=SEP

FTOT(1)=-SEP

FIUB=SLIN-SEP

IF (ABS(FOUB) .GT.'.E-8) KBAL1=1

ACCOMULAIE REXTENSTOMN ENVTILOPES

IF (VENP.GE.VTGT) GO TO 180
VENP=VTOT

TVENP=TINE

30 T2 190



anaQn

anoQaaan

Q0N

[eNeKS!

a0an

180

190

250

280

300

85

IF (VENN.LE.VIOT) GO TC 199
VENN=VTOT

TVENN=TIME

CONTINUE

SET INDIZATOR FOR AXIAL STIFFNESS CHANGE

K5T1=0
IF (KODYX1.NE.KODY1) KRST1=?

FLEXURAL STATE DETERMINATION
LINEAR MOMENT INCREMENTS

ZALL BA1)

BML (1) =BMEP (1) +DBM (1)
BYL (2) =BYRP (2) +DBH (2)
BYEL(1)=B4TOT (1)-BMEP (1)
BMEL(2)=B1TOT (2)-BMEP (2)

[RACE QUI NONLINFAR PATH ON M-P SORFACE

FACAC=0.
KBAL=) _
FACTOR=1.-FACAC

PLASTIC HINGE EROTATIONS

IF (KODY (1)+RONY(2)-1) 280,260,270
DPR(1) =DVR (1) +PR2" #*DVR (2)

DPR (2) =DVR (2) +PR12*DVR (1)

30 TO 280

9PR (1) =DVE (1)

DPR (2) =DVR (2)

KFPAC=0
D3 320 IEND=1,2

3LASTIC, SET FACTOR FCR STATHS CHANGE

IF (KODY(IEND).NE.N) GC T€ 310

IF (DBM(IEND)) 290,320,300
FAC=(BMY(LEND,2)-BMEP (IENC)) /DBM (TEND)
[F (FAC.3E.FACTOR) GO TO 320
FACTOR=FAC

BBMY=BMY(IEND, 2)

KFAC=TEND

30 TO 329 :
FAC=(BMY(LEND,1)-BYEP(IENLC))/DEM(IEND)
IF (FAC.GE.FACTOR) 50 TO 320
FACTOR=FAC

BBMY=BMY(IEND,1)

IFAC=IEND

30 TO 32)
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CONTINUINS TO YTIELD - PCSITIVE FLASTIC WORK
[F (BMEP(IEND)*DPP(IEND) .GF.0.) GO TO 320
JYLOADINS = PLASTIC WCRR NEGATIVE

FACTOR=0.
KFAC=0
KODY(LEND) =0

SONTINUE
JPDATE MOMENTS AND HINGE ROTATICNS

DD 36J TEND=1,2

IF (IEND.EQ.KFAC) GO TC 359

IF (KODY(IEND).NE.N) GO 10 330
3YEP(LEND) =BMEP (IEND) +FACTCR*DBM (I END)
30 TO 360
JPPR=FACTOE*DPR (IEND)

PRTOT (IEND) =PRTOT(TEND) +DPPR
[F (DPPR.LT.0.) GC TO 340
PRACP (IEND) =2RACP(IFNC) +DEBR
30 TO 362

PRACN (IEND)=PRACN(TEND) +DPPR
30 TO 38)

BMEP(IENDy =BB"Y

RODY(IEND) =1

CIONTINUE

CHECK COMPLETION J3F CYCLE

FACAC=FACAC+FACTOR

IF (FACAT.GT.02.8%€99) GC TC 370
CALL BM13

KBAL=1

30 TO 252

YIELD MOMENTS FOR NEXT STED
CALL Y1010
-iECK FOE OVEKSHCOT OF M-E SURFACE

DJ 420 1Z¥D=1,2

IF (KDDY(IEND).EQ.N) GC TC 400

IF (BMEP(LEND).LE.BMY(TEND,1)) GO TO 380
BMEP (I END) =BMY (TEND, 1)

KBAL=1

33 TO 42)

IF (B*EP(LEND).5F.BMY (TEND,2)) GO TO 3S0
BMEP (L END) =BNY (TEND, 2)

KBAL=1

30 TO 429

[F (BMEP(LEND).LT.B54Y(TFND,1)*C.%8.AND.B1EP (IEND).GT.BMY(TEND, 2) *)
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1.98) XODY(IEND) =0

32 TO 42)

IFP (BMEP(IEND).LE.BMY(IEND,1)) GO TO 410
BYEP (L END) =BMY (IE¥D, 1)

KBAL=1

XIDY (T END) =1

3 TO 420 _

IF (BHEP(IEND).GE.BMY (IEND,2)) GO TO 420
BMEP (I END) =BMY (IEND, 2)

KBAL=1

KO DY (LEND) =1

SONTINUE

ELASTIC AND TOTAL FORCES

38M10T (1) =BMTOT (1)

BBMTOT (2) =BMTOT (2)

BYTOL (1)=BMEP (1) +BMEL (1) + (FK11%DVR (1) +FEK12*DVR (2)) *PSH
8MTOT (2) =BMEP (2) +BMEL (2) + (EK12%DVP (1) +FK22*DVR (2)) *PSH
D53 F=(BATOT (1) -BBMTOT (1) +BMTOT (2)-BBNTOT (2) ) /FL

SPTOT (1) =SFTOT (1) +NSF

SFTOT (2) =SFTOT (2) -DSF

UNBALANCED LOADS DUE TO YIELD

8MIUB=0.

BMJUB=0.

IF (KBAL.EQ.O) GO TO 430
BUIUB=BNL(1)-BMEP(1)
BMJUB=BML(2)-BMEP(2)

DEFORMATION RATES FOR DAMPTNG

IF (DFAC.EQ.0.0.AND.DELTA.F2.0.6) GO TO 469

IF (FIME.EQ.0.) GO TO 470

KBAL=1

DV AX=COSA® (VELM (B) =VELM(')) +STNA* (VELX (5) -VELM(2))
RIT=(SINA® (VELM (4) =VEIM (1)) +COSA* (VELM (2)-VELX(S))) /FL
DVR (1) =VEL ¥ (3) +ROT

DVYR(2) =VELEK (6) +ROT

BETA-J DAMPING

IF (DFAC.EQ.0.) GO TO u5?

FAC=DFAC* (1.+PSH)
BMIUB=BMIIB+(EK11*DVR (1) +FK12%DVYR(2)) *FAC
BMJUB=BMIUB+ (ZK12* DVR (1) +E¥22*DVR (2) ) *FAC
FOUB=EAL*DVAX*DFAC+FOUB

STRUCTURAL DAMPING LOZ2D

I[F (DELTA.EQ.D.) 30 TC u60
SDMI=DELTA*ABS (BMTOT (1)) *STGN(1.,DVP (1))
5DMJ=DELTA*ABS (BATOT(2)) *SIAN(1.,DVER (2))
SDFO=DELTA*ABS ( (FTOT (2) =FTCT (1)) /2.) *STGN{1.,DVAX)
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B1IUB=BMIJIB-SDMI+SDACT (1)
BYJUB=BMJUB-SDHJ+SDACT (2)
FOUB=FQUB~SDFO+SDACT (3)
SDACT (1) =SDNI
SDACT (2) =SDMJ

SDACT (3)=SDFO

SET UP UNBALANCED LOATL VECTIOR

IF (KBAL+3BAL1.FQ.0) GO TO 470
KBAL=1

SPUB= (BMLUB+B4JUB) /FL

DD (1) =-SFUB*SINA-FOUB*COSA

DD (2) =SFUB*COSA-FOUB*STNA

0D (3) =BMINUB

DD (8) ==DD (1)

00 (5) ==DD (2)

DD (6) =BMIUB

EXTRACT ENVELOPES

DO 490 T=1,8

S=BMTOT(I)

IF (S.LF.SENP(I)) GO TO 487
SENP(L) =S

TENP(L)=TIL ME

I[P (S.GE.SENN(I)) GO TO u9C
SENN(I)=S

TENN(I)=IIME

SONTINUE

PRINT TIME HISTORY

IF (KPR.LT.Q) GO TO S00

IF (KPR.EQ.0.OR.KOUTDT.EC.T) GO TO Su0

IF (IHED.JE.D) GO TO S20

KK PR=T ABS (KPR)

PRINT 510, KKPR,TINT

FORMAT (/// 184 RESNLTS FCR GROUP,I?,
38H, END MOMENT-RUCKLING ELEMENTS, TINME =,F8.3///5K,
SH ELEM,U4X, 4HNODF,2X,?0HFLX. YTFLD,2X,7HBENDING,7X,SHSHEAR,
7%, 5HAXIAL, 12X ,23HETASTIC HINGF ROTATIONS,
15% , SHAXTAL /5X,
54 NO.,4X,UH ¥C.,3X,54 CODE,6X,7H MOMENT,7X,SHFORCE,
7%, SHFORCF, 8X, THCURRENT,4X, SHACC. POS.,3¥,9HACC. NEG.,
3X, 10HYIFLD CCDE,3X,9HEXTENSTION/)

NOoOUVMEFEWN -

[HED=1

PRINT 533, TIMEM,(NOD(T),RODY(I),BMTOT(T),SFTOT(T),FTOT (I),PRTOT (I)
1,PRACP (I), PRACN (T) ,T=1,2),%CDY1,7TOT

TIRMAT (15,I8,17,3%,3F12.2,3X,3F12.5/

1 ¢y,18,17,3%¥,3F12.2,3X,3F12.5,T10,F11.5)

SET INDICATOR FOR STIFFNESS CHANGE

KST=0
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TP (KDDYC(1).NE.KODY(?) .CR.XODYX(2).¥E.KODY(2)) KST=1
IP (KST.ED.0.AND.KST1.HE.(C) KST=1

JP-DATE INFCRMATIOM IN CCHS

D2 550 J=32,88
550 COMS(J)=COM(J)

CONS(2)=CoN(2)

D3 569 J=141,167
560 ZOHS(J)=CoM(J)

RETURN
END
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SUBROUTINE 0TT10 (,/CONMS/,/NINFC,)

COMMON /INFEL/ IMEM,KST,LK(6),KGEOM,FL,COSA,SINA,A(2,5),FK11,
EK22,FK12,ESH, EAL,EX11H, EK22H, RODYX (2),
KODY (2) ,BEMTCT (2) ,SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENW(8) ,TENP(8) ,TENN(8) ,PRACP(2), PRACN(2) ,BMEP(2),
SDACT (3) ,BMY (2,2),N0ODT, NODJ,KOUTDT,PR12,PR21,
PMX (3,2,2) ,A1(4,2,2) ,A2(4,2,2),
PFAC,RATIO, DELTY,XCDYX1,KODY1,XPP,X3PE, EAL1, EALY,
FAL6, EAL7,EAL8, X5,Y5,P5,%6,X5D,Y5D,PSD, INDRE,
JVRTX,IEICG,VTOT,XTOT ,VPACP,VPACN,VENP, TVENP, VENN,
TVENN ,PYP ,PYN,PYNC,REST (30)

OVONOU EFWN 2

DIMENSION COM(1),COMS (1)
EJUIVALENCE (IMEM,COM(1))

ENVELOPE OUTPUT, END MOMENT-BUCKLING ELEMENTS

33 10 J=1, NINFC
10 COM(J) =CO¥S (J)

IF (IMEM.EQ.1) PRINT 20
20 FORUAT (35H END MOMEMNT-BNCKTING FLEMENTS (TYPE 10)///
S ELEY, 3%, Y4UNODF,* 7%, THYBENDING, 14X ,SHSYEAR ,14X ,SHAXIAL,
13X ,8H4PL HINGE,7Y,14H MAYX. AYIAL/
SH MC.,3,6H NO.,'7X,7H MO™“ENT, 3X,U4H0HTTMT,7X,5HFOPCE, 3¥X,
44rImMe,7X,5HFORCF,3Y UHTTAE,6Y,8HROTATION,3X,4HTINE,
5K, SHEXT ENSTON, 3X,UHTIME))

VN E W

>RINT 30, IMEM,NODT, (SE¥DP(T),TERNP(I),T=1,7,2),V"NP,TVENP, (SENN(I),
1TENN(L) ,I=1,7,2) ,VENN,TVENY,NODJ, (SENP(I), TENDP(T),I=2,8,2), (SENN (T
2) ,TENN(I),1=2,8,2)

30 FORMYAY (I4, I7,5X,8HPOSITTVE,3(F12.?2,F7.2),2 (F14.5,F7.3)/

16X ,8HNEGATIVE,3 (¥12.2,F7.3) ,2(F14.5,F7.3)/

7%, T4,5X,8"P0SITTVF,3(F12.2,F7.3) ,F14.5,F7.3/

15X, 8HVEGATIVE,3(F17.2,F7.3) ,F14.5,F7.2/)

w N —

RETURN
END
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SUBRDUTINE FST10A (/STIF/,/KOD/)

Z)HMON /INFEL/ IMEM,KST,LM(6),RGEOM,FL,COSA,SINA,A(2,6),BK11,

FX22,EK12,PSH, EAL, EX11H,ER22H, KODYX (2),

KODY (2) ,BHTOT (2) ,SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENN(8) ,TENP(8) ,TENN(8) ,PRACP(2) , PRACN(2),BMEP(2),
SDACT(3) ,BNY(2,2),NODI,NODJ,KOOTDT,PR12,PR21,

PMX (3,2,2) ,A1(4,2,2),A2(4,2,2),
PPAC,RATIO,DPLTY,KODYX?,KODY1,XPP,X3RE, EALT, EALY,
EAL6,EAL7,EAL8, POUT (51)

?ORM AXIAL STIFFNESS

KYY=KOD+1

30 TO (1),29,30,40,50,60,70,80,9C, 100) ,KYY

ST IP=SAL
352 T2 119
STIF=EAL?
52 TO 113
STIIF=EAL
33 TO 110

STIF=)7.021*EAL

30 TO 119
SIIP=EALY
30 TO 113
STIF=EAL
5 T2 11)
SIIF=EAL®S
32 TO 113
5L TF=£AL7
53 T2 1735
STIF=EALS
30 TO 110

STIF=).031*EAL

RETURN
END
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S5JBROUTIYE LAW10

ZIMMJY /INFEL/ IMZM,KST,1*(6),KGFOM,FL,COSA,SINA,A(2,6),EXK11,
FK22,FK12,PSE,EAL,BEK11d,ER2241, KCDYX (2) ,
KODY (2) ,BMTOT (2) ,SFTOT (2), FTOT (2) ,PRTOT (2) , SENP (8),
SEYN (8) ,TFNP(8) ,TENN(8) ,PRACP(2) ,PRACN(2) ,BMEP(2),
SDACT (3) ,RMY (2, 2),NODT,NODJ,RODTDT,PRT12,PR21,
PMX (3,2,2) ,A1(8,2,2) ,A2(4,2,2),
PPAC,RATIC, DELTY,RODYX1,KODY1,XPP,X3RE, EAL1,EALS,
FAL6,EAL7,BAL8,X5,Y5,P5,X6,X5D,Y5D,PSD, INDRE,
REST (44)

SENERATE P-DELTA HYSTERESIS CURVE
RESTDJAL ELONGATIOYN, PRE

SLEND=60./RATIO
38=0.3175% (0. 5S*Y3RE/SLEND+0.0002%X3RE**2)
RE=RE*FL/DELTY

XPP=XPP+RE

XPP1=1.+KPP

BETA=1./3.

DENOX= (XPP 1-X3RE) + (1. +PFAC) /BETA
XN UMR= XPP-X3RE-PFAC
{5=RAT TO*X NUUR/DENOY
X5=XP2~-Y5/BETA

SLOPU= (Y5+PFAC) /(X 5-X3RF)
EALU=EAL*SLOPY

SLOP8= (1.-Y5)/ (XPP1-X5)
EALS=EAL*SLOPS
X6=X5-Y5-2FAC

{PP=XPP-RE

RETURN
END
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SUBRIUTINE VRTX10 (/FACAC/,/DVaX/,/SEP/,/TIME/)
AXIAL STATE DETEBMINATICN IN TENSTION AND VERTEX REGIONS

Z)MMON /INFEL/ IMFEM,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,5),EK11,
RX22,EK12,ESH,EAL, ER11H, EK22H, KODYX (2),
KODY (2) ,BMTOT(2) ,SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENN(8) ,TENE(8) ,TENN(8) ,PRACP (2), PRACN(2) ,BNEP(2),
SDACT (3) ,BMY (2, 2),NODTI, NODJ,KOUTDT,PR12,PR21,
PMX (3,2,2) ,A1(4,2,2) ,A2(4,2,2),
PFAC,RATIC,DELTY,KODYX1,KODY1,XPP,X3RE, EAL1, EALG,
FAL6,EAL7,EAL8, X5,Y5,P5,X6,X5D,YSD,PSD, TNDRE,
IVPTX,IELOG,VTOT,XTCT ,VPACP,VPACN,VENP, TVERP,VENN,
TVENN,PYP,PYN,PYNC, REST (30)

INITIALIZE

FACAC=0.

FACTOR=1. -FACAC
KODYTI=KODY 1+1

IP (KODYI.EQ.10) KODYI=#
52 TO (23,30,40,50),KCDYT

ON SLOPE ), ELASTIC, GET FACTOR FOR STATUS CHANGE

DSEP=EAL*D VAX

IF (DSEP) 21,60,22
FAC=(PIN-SEP) /DSEP

IF (FAC.5E.FACTOR) GO TC 23
FACTOR=FAC

SEP=PYN

gODY1=1

SENP{S)=-PYN
SENN(6)=PYN
TENP(5)=TL ME
TENN(6)=TIME
30 TO 66

FAC=(2YP-SEP) /DSFEP

IF (FAC.GE.FACTOR) 10O TC 23
FACTIOR=FAC

SEP=PYP

KoDY1=9

32 T2 6¢

SEP=SEP+FACTOR*DSF P
33 TO 60

ON SLJOPE 1, GIT FACTOR TCR STATUS CHANGE

DS 1=EAL1¢DVAX

IF (EAL1.NE.O0) GO TO 34
KODY1=3

IVRTX=1
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30 TO 890
IfF (DS1) 31,60,32
BUCKLED BUOT LOADING

KJDY1=2
30 TO 40

BIJCKLING AND CONTINUING
FAC=(PYNC-SEP) /DS1

IF (FAC.GE.FACTOR) 0 TO 37
FACTOR=FAC

SEP=DPYNC

KODY1=3

JPDATE PLASTIC DEFORMATICN

V2 ACN=VPACN+FACTOPR *DVAX
30 TO 70

SEP=SEP+FACTOR*DS1
JPDATE PLASTIC DEFORMATION

VPACN=VPACN+FACTOR*DVAX
52 TO 60

DN SLOPE 2, GET FACTOFR FOR STATUS CHANGE

DS2=EAL*DVAX
IF (DS2) 41,60,42

BICKLING AND CONTINUING

KODY1=1
30 T2 30

30CKLED BUT LOADING

FAC=(PYNZ-SE?) /DSZ

IF (FAC.GE.FACTOR) GO TO 43
FACTOR=FAC

SEP=PYNC

KoDY1=3

352 TO 70

SEP=SEP+FACTCR*DS2
30 TO 6C

OJN SLOPE S5, TENSION YIELDING

IF (DVAX.LT.0) GO TO 51
DVP=FACTI&*DVAX
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XPP=XPP+DVP/DELTY
VPACP=VPACP+DVP
50 TO 110

YILELDED BUT UNLOACDING

KoDY1=0

X3RE=XPP~-PFAC

50 TO 20

FACAC=FACAC+FACTOR

1P (FACAC.LT.0.9999999) GC TO 10
KETURN

FACAC=FPACAC+FACTOR
IFRTL=1

PHI=PYNC/PYN

2JDIF{ THF SLGPES 07 4 STFTGMENTS ON

A1(I,J3,K)=A1(1,J,K) /PHT

D2 100 K=1,2
32 10) J=1,2
PYX(1,J,K) =PHI*PMX (1,.J,K)

RETURN
END

¥-P CURVE TN COMPRESSION
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SIBROUTINE FST10B (/ST/.,/XCD/)

96

PIRM 2*2 FLEXURAL STIFFNESS

ZONMON /INFEL/ IMENM,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,5),EK11,
,FSH,EAL,EK11H, EK22H,REST (169)

FRK22,EK12
DIMENSION ST(2,2),K0D(2)

/
KT Y=KJD (1) +2*¥K0D(2) +1
33 T2 (12,20,30,80), RYY
ST (1,1) =EK 11
ST (2,2) =EX 22
ST (1,2) =EK12
30 TO 60
ST (1,1)=).
ST (2,2)=EX221
32 TO 59
ST (1,1)=EXK 114
ST (2,2)=0.
30 TO S0
ST (1,1)=0.
ST (2,2) =).
ST (1,2)=2.
ST (2,1)=ST (1,2)

RETURN
END
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SUBROUTINE BM1C
END MOMENT INCREMENT

Z)4MON /INFEL/ TIMEM,KRST,L%(6) ,KGEOM,FL,COSA,SINA,A(2,5),EK11,
EX22,EK12,ESA,BAL, EK 114, ER22H, KODYX(2),
KODY(2) ,PEST(165)

ZOMMON /WORK/ DVR(2),DPR(2),DBM(2),W (1994)

KYY=KJDY (1) +2*KODY (2) +1

30 TO (12,20,30,u40), RYY

DBM (1) =EK1 1*DVR (1) +EK12*CVR (2)
034 (2).=ER12*DVR (1) +ER22*CVR (2)
30 TO 50

DB M (1) =0.

DBHM (2) =EX22H*DVR (2)

3 TO SO

D37 (1) =EX1 1H*DVR (1)

DBM (2) =0.

32 TO 50

DBM (1) =0.

0B M (2) =0.

RETURN
END
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5JBROUTINE YMOM10
IIELD MOMENTS FCR CURRENT AXIAL FORCE

ZJ)HHMON /INFEL/ IMEM,KST,LM(6),XGEOM,FL,COSA,SINA,A(2,6),EK11,
ERK22,BK12,PSH, FAL,EK11H,EK22H, KODYX (2),
KODY {2) ,EMTCT (2) ,SFTOT(2),PTOT(2) ,PRTOT {2) , SENP (8),
SENN (8) ,TENP (8) ,TENN (8) , PRACP(2) , PRACN(2) ,BMEP(2),
* SDACT(3) ,BMY(2,2),¥0DI,NODJ,KOUTDT,PR12,PR21,
PMX (3,2,2),21(4,2,2),32(4,2,2) ,POUT(63)

Facc=-1.

D3 30 IEND=1,2
FFT=FTOT(IL END) *FACC

FACC=1.

FAC=1.

22 331 gJ=1,2

FAC=~-FAC

D3 12 1=1,3

IF (FFT.LT.PMX(TI,J,TIEND)) GO TO 20
CONTINUE

[=4
BBMY=A2(I,J,IEND)-A1(T,J,TEND) *FFT
[F (FAC*BBMY.GT.0.) BEMY=0.

BMY (IEND, J) =BBMY

FAC=-BHMY (1, 7)

BMY(1,1)=-BNY (1,2)

BMY (1, 2) =FAC

RETURN
END
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AlIM SCANNER TEST CHART # 2
Spectra

ABCDEFGHIJKLMNOPQRSTUVWXY; il 12,/ 780
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnoparstuvwxyz;:™,./?$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopgrstuvwxyz;:*,./?$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopgrstuvwxyz;:*,./?$0123456789

Times Roman
ABCDEFGHIJKLMNOPQRSTUY WX YZabedefghijkimnopqrstuvwxyz;-*../ 280123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopgrstuvwxyz;:*,./7$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopqrstuvwxyz;:**,./7$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopqrstuvwxyz;:*,./?$0123456789

Century Schoolbook Bold

ABCDEFGHIJKLMNOPQRSTUVWXY!
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnoparstuvwxyz;:™,./ 250123456789

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz;:,./?$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopqrstuvwxyz;:,./?7$0123456789

News Gothic Bold Reversed

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdelghljklmnopqrstuvwx ?$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijkimnopgrstuvwxyz;:”,./2$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijkimnopqrstuvwxyz;:”*,./?$0123456789

Bodoni Italic

ABCDEFCHIJKLL ORSTUVWX Y7 /780123456789
ABCDEFGHIJKLMNOPQRSTUVWX YZab, defighi, ijklmnop /280123456789

ABCDEFCHIJKLMNOPQRSTUVWXYZabcdefghijlmnopqrstuvuxyz, /280123456789
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz;:”,./?801£3456 789
Greek and Math Symbols

ABFAEZOHIKAMNOIIGPETY QX ¥ZaBySek0nuchuvombporvaxl= T,/ S+ = #'> <hds <=
ABTAEEOHIKAMNOII®PETY QXYZaBydetOnikApvordporvoxPl=TF",. [ S+ =7£"> <PL><=

ABI'AEZOHIKAMNOI®PETY QXYZaBydetdnikApvomrdpomvoxPl=TF",. | S+ #"> <PL><=

ABTAEZOHIKAMNOII®PETY QXY ZaBydeEOnikA\pvomdporyboxy=TF",. /§i=;€> <PLe<=
White Black Isolated Characters
e m 1 2 3
4 5 6 7 o
8 9 0 h I

HALFTONE WEDGES

6543

A4 Page 6543210

0123456
6,

= NWBND

A4 Page 6543210

=W BN

6543
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