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ABSTRACT

Elements ELY9 and EL10 are general purpose programs for
steel members subjected to cyclic buckling, or cyclic end
moment-bucklihg, respectively. These elements are de-
veléped for use with DRAIN-2D computer program. This
}mapual describes the essential features of these two new
elements along with their FORTRAN listing. The develdp-
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 stéel 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 resisfant 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 1b), 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), Wakabavashi (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 hysteresis 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 (ELiO) for use in DRAIN-2D
computér program (9).

DRAIN-2D COMPUTER PROGRAM

DRAIN-2D is a general purpose computer program for
the inelastic response of plane structures subjected to
eafthquake 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 menual 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. 1INELY9, INEL1l0: Input and initialization of
element data.

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

3. RESP9, RESP10: Determination of incxrements of
element deformations (strains) and forces (stress-
es),bdetermination 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 ueed 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 EL9 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

-
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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 addiﬁions 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 (15) presented a multilinear hvsteresis model
(EL7) for axially loaded pin-ended bracing members and used
in the seismic analysis of multistory braced frames. Jain,
vGoel and Hanson (7)'compared their expefimental hvsteresis
curves with analytical curves obtained bv 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, vet, 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
ségment = 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
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-at point B. The load at point B corresponds to the first
cycle buckling load Pyn for the membef which is significant-
ly higher than the buckling load PVnc used for subsequent
cycles. After buckling at point é the member follows
segment BC (code = 1l). The point C corresponds to a com-
pression displacement equal to five times the tension

yiéld 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 =.l) which is parallel to segment BC. L" lies at
the P load level. |
Once the member hits the post-buckling load level

Pync' it comes'oﬁt 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 éegment CD or L"D, respectively (code = 3). 1If the
direction of axial displacement is reversed at D, it
results in compression load decreasing to zero and 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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initial elastic slope AE or AB, which intersects the line
DE" at F'. Intercept A"F is taken as 60/(KL/r) times the
distance A"F'. EE" is the residual elongation term and
is calculated from equation 2.1. This equation was
developed from the data obtained on small square steel
tubes in Reference 3\ The coefficiehts used in ﬁhis
equation can be changed very easily, if program user so
desires. One card for RE (residual elongation expressed
in terms of residual strain) should be changed in each

of the Subroutines RESP9 and LAWSYS.

RE = 0.0175 * (0.55*#X3RE/SLEND+0.0002%X3RE**2) 2.1
The line FG drawn parallel to the initial elastic

slope is used to distinguish the loading history in the

region DFG from that in the region A"E"FG. If the direction

of axial displacement is chaﬁged along DF" the member

follows the same path (code = 4). If the member reverses

at point H, it follows segment HI (code = 5) which is péral—

‘lel to segment AB. Continued compression results in

segment II' (code = 3). If the direction of displacement

is again reversed at I', the member follows segment I'H

(code = 6). If the direction of axial displacement is

reversed at J, the member follows segment JK (code = 5).

Continued compression results in segment KK' (code 3)
or in segment KK" (code = 3). If reversal occurs at K',

the member follows segment K'J (code = 6). If member

surpasses point G and returns from K", it follows K"F
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(code = 7) and then FE" (code = 8). New control points
are determined if the member surpasses points'D or E"
. during a cycle. In subsequent cycles the maximum com-

pression load is P

ync.
The load Pync is input as a fraction of maximum
compreséive~load Pyn in the first cycle. The load PVn

can be calculated by using AISC equations (3,16). Data
obtained in Reference 3 suggests that the strength re-

duction factor PHI (¢ = P /Pyn) can be approxi-

ync
mated as 0.3-0.6 depending upon effective slenderness
ratio of the member.

ELEMENT DEFORMATIONS

The buckling element has four degrees of freedom.
The only deformation to be considered is its axial ex-
tension. The displacement transformation relating incre-

ments of deformation and displacement (Figure 5) is:
. v , .

drl
drz
= |-¥_Y¥ X Y ’
dv = [ T T I Iﬂ] < ? V 2.2
dr
, 3
»dr4
\ /
or, av} = [al {dar} 2.3

Large displacement effects are not taken into ac-

count. X, ¥ and L are assumed to remain constant and the

displacement transformation matrix also remains constant.
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ELEMENT STIFFNESS

The tangent stiffness in term of deformations is

Eph

ds = - dv 2.4
or, {dsi= [kT] av? -2;5

where, ET'= tangent modulus in current state, and A =
element cross sectional area.

The tangent stiffness in terms of nodal displacements
is

[K.] = [a]T [k,] [a] 2.6
T T )

where, [a] is given by equations 2.2 and 2.3.

The geometric stiffness in the element coordinates

dw, and dwz is (Figure 6):

1
1 -1 :
_ S
[kG] i" ’ 2.7
-1 1
or, in terms of nodal displacements
= T '

where, [a1] is given by

rdrl\
aw | |- =% o o] |ar,
LA 0 0 - % % ) dr, (

dr4

()

[a;] far} -2
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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 1 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 requirement 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 loads as well as initial forces may be

specified. The element forcesAwill 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
requestéd for results envelopes. The times at which

the maximum forces and extensions were produced are also

printed.
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Number of words of information per element = 53,

E9(a). CONTROL INFORMATION FOR GROUP (415) - ONE CARD

- Columns

5:

6 - 10:

11 - 15:

16 - 20:

E9(b). STIFFNESS TYPES

Columns

16
26
36
46
56
66

E9(c). FIXED END

FIXED END

1l - 5:

15:
25:
35:
45:;
55:
65:

75:

FORCE

FORCE

Punch 9 (to indicate that group consists

of buckling elements).

Number of elements in group.

Number of different element stiffness

types (max. 40). See Section E9(b).

Number of different fixed end force patterns

(max. 40). See Section E9(c).

(I5, 7F10.0) - ONE CARD FOR EACH STIfFNESS T?PE
Stiffness type number, in sequence beginningv
with 1.

Young's modulus of elasticity.

Average cross sectional area.

" Tension yield force, P

Yyp
Compression yield force, Pyn (first cycle)

Radius of gyration
Effective length factor

Strength reduction factor, PHI

PATTERNS (2I5, 4F10.0) - ONE CARD FOR EACH

PATTERN

Omit if there are no fixed end forces. See Figure 7.

Columns

1 - 5:

10:

Pattern number, in sequence beginning wi;h_l.

Axis code, as follows:
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Forces are in the element

Code = 0:
coordinate system, as in
Figure 7a.

Code = 1: Forces are in the global

coordinate svstem, as in
Figure 7b.
Columns 11 - 20: Clamping force F..
21 - 30: Clamping force V
31 - 40: Clamping force F..
\Y

41 - 50: Clamping force

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 1l - 5: Elemént number, or number of first element
in a sequentially numbered series of elements
to be generated bv this command.

6 - 10: Node number of element end 1i.

11 - 15: Node number of element end j.

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

21 - 25: Stiffness type number.

30: Code for including geométric sﬁiffness.

Punch 1 if geometric stiffness is to be
included. Leave blank or punch zero if

geometric stiffness is to be ignored.

35: Time history output code. If a time history



Colums 36 - 40:

41 - 45:

46 - 50:

51 - 55:

56 - 65:

25

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

llive locad 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 fixéa end
forces due to static live loads. Leave
blank if there are no live loads.
Initial axial force on élement, 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
EL9. 1In this formulation, the flexural stiffness is
assumed to be independent of the axial force. Wofkman (18)
studied the influence of axial force-flexural stiffness
in;eraction in the elastic state on the seismic response
of braced steel frames. He conciuded that the effect of
this interaction was not significant for the structural
response. Nigam (l1) 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-A
active element EL10. It is believed that the axial force-
end moment interaction as modeled herein should be
adequate for practical applicaﬁions.

GENERAL 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 cqmponents_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
constént 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 alsou 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 values.
The fesults 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:

’ ~ — - drl
dv, - X/L - Y/L 0 X/L Y/L 0
’ dr
2 2 2 2 2
<dv, 5= | - ¥/L X/L 1 ¥/L° - X/L 0 4 3.1
r
‘ : 3
dv3 - Y/L2 x/L2 0 Y/L2 - X/L2 11< S
\ ,/ . 4
dr5
dr6
. \ / '
or, dvl= [a] Qr} _ 3.2

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

A plastic hinge forms when the moment in the elasto-
plastic compbnent 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
de2 A B dv

dvp3
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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 4Db).

INTERACTION SURFACES

The End Moment-Buckling Element uses two types of
interaction surfaces. For axial force-axial displacement
interactiqn, 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. Thén, 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 surfacebare permitted only
temp&rarily, being compensated for by applying corrective
loads in the succeeding time step (Figures lla and 11b).

Once the axial load in the post-buckling range

becomes equal 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,Pypb(axial yield

code = 3), 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 = =5 dvl 3.4
where, E, = tangent modulus in current state, and A =
average cross sectional area.

The elastic flexural stiffness is given by

stz _EI kKis  kiy dv, -
d = —i_ -
1?53 kij kjj dv3
where, I = reference moment of inertia; and k.., k.., k..
g ii ij i3

are coefficients which depend on the cross section vari-
ation. For a uniform element, I = actual moment of
'inertia, kii = kjj = 4, and kij = é._,The coefficients
must be specifiéd by 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 cbefficients for
the elasto-plastic component change to kii’ kij and kéj’
as follows: o

k,
ii

kyg(1-B) - k; ¢ N 3.6

~
I

kij(l—D) - kiiB 3.7

~
|

= k..(1-D) - k..B 3.8
kJJ(l D) ij .
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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 L) kyg/kgs ¢ 0
Plastic hinge at
end j only 0 0 kig/eyy | 1
Plastic hinges at 1
both ends i and j L 0 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

Kpl = [al” [kgl [a] 3.9

where, [a] is given by equétions 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 end.moment-
buckling elements imay 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
;ign convention for these forces is as shown in Figure 1l2a.
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 fbrces. 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. Invaddition

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 iﬁ buiidings 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 fofces for any element will, when
changed in sign, constitute static léadings on the nodes
to which the element connects, and these loadings are
taken into account by the program. Frequently, however,
the live load reduction factor permitted for a column in
a building will exceed that for the beams it supports,
becaﬁse ¢olumns 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 ena force patterns and are used as follows.

For initialization of the element shéar 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 columné, vet the
shear forces computed for the beams willistill 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 deformations.
However, the fixed end forces are not changed, sorthat if
shear deformations may be important the specified fixed
end forceipatterns 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
elemént). Zero indicates the element end
is elastic, and 1 indicates that a plastic

hingekhas 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 forée, axial force, plastic hinge rotations
and axial extension, with their time of occurrence, are
printedvét the time intervals requested for envelopes.

The envelope values of accumulated positive and negative
plastic hinge rotations (PRACP(2), PRACN(2)) as weil as of
accumulated positive and negaﬁive 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

OUT10.
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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 iO (to indicate that group consists
of end momeht-buckling'elements).
6 - 10: Number of elements in group. )
li - 15: Number of different element stiffness types
(max. 40). See Sections E10(b) and ElO(c).
16 - 20: Number of différent'yield interaction
surfaces for cross sections (max. 40).
See Section-ElO(d).
21 - 25: Number of different fixed end force
pétterns (max. 35). See Section El0(e).
26 - 30: Number of different initial element force

‘patterns (max. 30). See Section E10(f).

ElO(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‘

Y



Columns 51 - 55:

56 - 60:
61 - 70:
71 - 80:

40

Flexural stiffness factor kjj'
Flexural stiffness factor kij‘
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.

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 (I5, 3r1l0.0) =

ONE CARD FOR EACH STIFFNESS TYPE

Columns 1 - 5:
6 - 15:

16 - 25:

26 - 35:

Stiffness tvpe number, in sequence beginning
with 1.

Radius of gyration.

Effective length factor.

Strength reduction factor, PHI.

E10(d). CROSS SECTION M-P YIELD INTERACTION SURFACES (I5, 4Fl10.0,

4F5.0) - ONE CARD FOR EACH YIELD SURFACE.

See Fiéure 10 for explanation.

Columns l - 5:

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

Yield surface number, in sequence beginning
with 1.

Positive plastic moment, Mp+

Negative plastic moment, M__

Compreséion yield force in first cvcle,

Pyn'

' Tension yield force, P__.

yp

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 propo;tlon 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.

El0(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 1l - 5: Pattern number, in sequence beginning with 1.
10: Axis code, as follows:
Code = 0: Forces are in the element

coordinate system, as in Figure
12a.

Code

;i
H

Forces are in the global
coordinate system, as in Figure
12b. | |
11 - 20: Clamping force, Fi.

21 - 30: Clamping force, v, .

31 - 40: Clamping moment, Mi'

41 - 50: Clamping force, Fj' |

51 - 60: Clamping force, vy
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.



42

Omit if there are no initial forces. See Figure l2a.

Columns

16
26
36
46
56

1l - 5:

15:
25:
35:
45:
55:
65:

Pattern number, in sequence beginning with 1.
Initial axial force, Fi'

Initial shear force, V.

Initial moment, Mi'

Initial axial force, Fj'

Initial shear force, Vj'

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:

10:

15:

20:

25:

30:

35:

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 patternvnumber 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 loadé.

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

A 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. In effect, any such fixed end forces will be treated as

initial element forces.



CHAPTER 4

EXAMPLE

The braced frame example shown in Figure 13 mayv be
used to check the execution of the DRAIN-2D program with
elemenﬁs EL9 and EL10 when it is implemented on a computer
installation. Program decks received tﬁrough 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 iﬁ group 1, the beams are represented by
element EL5 in group 2 and the bracing members (assumed
as pin—cqnnected atvthe 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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l-r 360— 120"

Figure 13 - Test Example
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TABLE 2 - SAMPLE INPUT DATA

SIART TESL EXAXPLE POR MICHIGAN EL9 AND ELT0 ELEMENTS A
6 6 1 2 1 3 Bl
1 ©292.

2 360. 292.
3 144, B2
4 360. 1438.
5 "
6 480,
5 3 1 1 [} B2
1 2 1 2
1 z 3 " BS
11.5 3 2 1. B6
1 100 0.01 €7¢ .6 1. 7. 1, 20. Cl
4 1 14PULSE LOALING c3
0.08 1.0 0.10 2.0
M ) Cé
10 10 2 4 3
1 3
1 2 3 4 D
1 2 3 4
70 4 & 3 3
1 293503, J.01 49.1 2020. 4, 4, 2.
c 29000, 0.01 35.0 1370. 4. q, 2.
1 4.01 G.7 .5
z 3.75 .7 0.4 E1l0
1 10%0¢. -19%0C. -1720. 177¢. 1. Q.15 1. 0.15
2 7600. -7600. -1200. 1275. Te 0.15 1. 0.15
1 T4. 1825, 74. -1825.
pa T =72 1728. -7z, -1728.
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 2 2 z il 1
S 2 1 2 1
1 2%00). J.0S 41.8 34°0. 4. 4. 2.
1 12850, -12850. ES
2 43000. -40000.
1 €9. 540C. 52, ~5400.
1 2 4 1 1 2 1
2 1 2 1 1 1 1 1.5
Y < <
1 29002. 17.¢ 35¢G. =250, 2.45 Q.92 2.5%
z 30000. 15.6 300. -200. 1.60 1.90 0.135 E9
1 ) 4 1 1 1 57.
£ 3 Z < 1 ° 49.

STue
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APPENDIX A-1

FORTRAN LISTING OF BUCKLING ELEMENT EL9



aonn

aonn

Q0N

WM EWN 2

£ W=

50

SUBRJOUTINE INEL9 (/FCCNT/,/FCOXT/,/NDOF/,/NINFC/,/ID/,/X/e/Y/./N%/

)

ZJ4MON /INFEL/

IMFM,KST,LM (4) ,KGEON, EAL, FL,COSA, SINA,PPAC,RATIO,
DELTY,KODYX ,RKODY,XPP,X3RE,EAL1,EALY,EAL6,EAL7,EALS,
x5,¥Y5,PS,X6,X5D,Y5D,PSD, INDRE, IVRTX,

IFLGG,SEP, VTOT, XTOT ,VPACP, VPACN,VENP, TV ENP, VENN,
TYFNN, SENP,TSEND,SENN,TSENN, SDFO, NODI , YODJ, KOUT DT,
PYP,PYN,EYNC,REST (147)

SJ)MMON /iJDRK/ FTYP(40,7) ,FEP(40,4) ,KDFEF (40) ,DD (4) ,GA (4,8),
PFEF (4) ,SFF(4),SSPF(4) ,NMEM, N4BT,NFEF,SLOP1, INEL,
INOD T, INODJ,INC, IINC,INBT,IIMBT,TKGN,IKDT,KFDL,

I

KFDL,KFLL,TKFLL,FDL,FFDL,FLL, PFL.L, FINIT,FFINIT,

XL,YL,APEA,RAD,SLEND,  (7460)

OTMENSTION KCONT
DIMENSICN AST (2
DATA AST/2H ,2
DATA {ESNO/UH Y

(1) ,ID(NY, M), X(Y),Y(1),CoH(T)
) ,YESNC (2)

g =/

FS, 4 NO /

EQUIVALENCE (IMEM,COM(1))

JATA LINPUT, BU

NDOF=4%

NINFC=53
NMEM=KCONT (2)
NYBT=KCONT (3)
NFEF=KCONT (4)
PRINT 10, (KCON

CKLING ELFXENTS

T(I),I=2,4)

10 FORMAT (27H BUCKLING ELEMENTS (TYPE 9)////

w N -

25H NO.
25H NO.
25H NO.
INPUT STIFFNESS

PRINI 20

20 FORMAT (s////764

50
30
49

DN EWN =

5 TYPE
15 H

12H EQU
5 NO.
39 TENS
12H COE

Dd> 50 IT=1,NMBT
PEAD 30, I, (FTY

CF ELFMENTS =14/
OF STTFFNESS TYPFS =T4/
OF F.E.F. PATTERNS =I4)

PEOPERTTES

STIFFNESS TYPES//

6% ,7H YCONGS,6X,8H SFCTIOW, 3%,
YTELD ¥ORCES,10X,'?4 RADIUS OF,5X,

. LENGTH,S5X,19H STPFNGTH REDNUCTION/
,5% ,8H MCeDOLUOS,AX,7H APEA ,5Y%,

ION ,5X¥,AH COMPN ,AX,9H GYRATION, 4X,
FFICIENT,SX,7H FACTORY)

2(I7T,d),d=1,7)

PRINT 40, IT,(FTYP(IT,J),J=1,7)

FORMAT (IS5, 7F10
FORMAT (I4,E14.

FIXED END FORCE

[? (NFET.EQ.DJ)
PRINT 60

.0
4,6F13.2)

PATTERNS

GO TO 100
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51

60 FIRMAT (////25H PIXED ENT FORCE PATTERNS//
31 PATTERN,3X,4HAXIS,2 (7X,5HAXIAL,7X,53SHEAR)/
34 NO. ,3%X,4HCODE,2 (7X,SHAT 1I),2(7%,5HAT Jd)/)

N -

D3 90 NP=1,NFEF
READ 70, L ,KDFEF(NF), (FEF(NP,J),J=1,4)
70 PORMAT (215,4F10.0)
80 FORMAT (I6,I8,1X,4P12.2)
90 PRINT 80, NF,KDFEF(NF),(FEEF(NF,J),J=1,4)

ELEMENT DATA

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

1 3X,4 HELEM,3X,8HNODF, 2X,4HNODE, 2X, UHNODE,2X ,4HSTLF,2X, '
2 ‘4H5E0M,2X,UHTIME,3X,12HFEF PATTERNS,3X,17HFEF STALE FACTORS,
3 5X, THINITTIAL/ '

4. 3X,4H NO. ,3X,4H T ,2X,4H J ,2X,4HDIFP,2X,4HTYPE,2X,

5 4HSTIF,2X,4HHATIST,3X,12H DL LL ,3%,774 DL LL ,
6 SX,7H PORCE /)

XJ0YX=0

K2 DY=0

KST=)

Xpp=0.

93 120 J=19,87
120 COoM(J) =0.

[YEM=1 :
130 R2a4D 140, INEL,INODI,INODJ,IINC,IIMBT,IKGM,IKDT,IKFDL,IKFLL,FFDL,F

1FLL,FFPINIT .
140 FORMAT (YIS, 2F5.0,F 10.0)

IF (INEL.3T.IMEM) GO TO 17D
150 NODI=INODI

NJDJ=I NODJ

INC=LINC

I[F (INC.EQ.J) INC=1

IMBT=IIMBT

K3 EOM=TK3Y

KDUTDT=IKDT

YNG=YESNO(2)

IF (K3E20M.NE.Q) YNG=YESNC (1)

YNT=YESNO(2) ‘

[P (KDUTDT.NE.Q) YNT=YESNC (1)

KFDL=IKFDL

KFLL=IKFLL

FDL=FFDL

FLL=FFLL

FINIT=FFINIT

ASTT=AST(1)

IF (INEL-NMEM)139,170,130

160 ¥IDI=NODI+INC
NJDJ=NODJ + INC
ASTT=AST(2)
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170

180

190

200

210

52

PRINT 182, ASTT,IMEX,NODT,NODJ,INC,IMBT,YNG,YNT,KFDL,KFLL,FDL,FLL,

1FINIT :
FORMAT (A2, I4,17,316,3X,A4,2X,A4,17,16,F11.,2,P10.2,F11.2)

LOCATION YATRIX

D> 190 L=1,2

LM (L) =ID(NODI,L)

LY (L+2)=ID (NODJ,L) ,
CALL BAND {

ELEMENT PKOPERTIES

LL=X (NODJ) -¥ (NODT)

YL=Y (NODJ) - Y (NODI)
FL=S)ORT (XL*%2+YL&%2)
CISA=XL/FL

SINA=YL/FL
AREA=FTYP ( IMBT, 2)
EAL=FTYP(LMBT, 1) *AREA/FL
PYP=FTYP (L MBT,3)

PY N=-ABS(FTYP (I¥BT,4))
PII=PTYP(IMBT,7)

Oy NC=PHI*PYN
RAD=FTYP{IMBT,5)
AK=FI{ P (I4BT,6)
SLEND=AK*FPL/RAD
PFAC=ABS (P YNC/PYP)
SLOP1= (PFAC*(1.-PHT)) /(PFAC~5. *PHI)
EAL1=SLOP1#EAL
X3RE=-PFAC
IATID=60.0/5LEND
DELTY=PYP/EAL

LOADS DUE TO FIXED END FCRCES

SFEF=).

IF (KFDL+XFLL.EQ.D) GO TC 1310
CO 200 I=1,NDOF

DO 200 J=1,NDOF

34 (1,J)=2.

3A(1,1)=C0SA

34 (1,2)=5TNA

A (2,1)==-5INA

3A (2,2)=CO2SA

34 (3,3)=C25A

A (3,4)=STNA

54 (4,3)=-SINA

A (4,4)=C)SA

DO 210 I=1,4

SFF(I) =0.

55FF(T)=0.

IF (KFDL.EQ.0) G0 TO 250
DO 22) I=1,4
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FPFEF(I)=FPEF (KFDL,I) *FDL

I?P (KDFEF(KFDL).EQ.D) GC TC 230
CALL MJLT (GA,FFEF,SFF,4,4,7)
30 TO 250

DO 240 I=1,4

SPF (I) =FFEF (I)

I[F (KFLL.EQ.0) GO TO 290

03 260 I=1,4 ,
FFEP(I)=FEF (KFLL,I)*FLL

IF (KDPEF (KPLL) .EC.0) GC TC 270
CALL MULT(GA,FFEF,SSFF,4,4,1)
30 T 290

23 280 I=1,4

SSFF(I)=FFEF(I)

D3 300 I=1,4
SSFF(L)=SSFF(I) +SFF(I)

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

-CALL SFORCE (DD)

310

320

330

INITIALIZE ELEMENT FORCE

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

SEP=FF

[P (FINIT.LT.3.) G0 TO 320
SENP=FINTT

SENN=J.

30 TO 330

SENN=FINLT

_3ENP=0.

cALL FINISH

SENERATE MISSING FLEMENTS
IF (TYEM.EQ.NMEM) QRITURN
LYEM=TI MEX+ 1

IF (IMEM.EQ.INEL) GO TO 150
30 TO 160

END
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SIBROOTINE STIFS (/MSTEP/,/iDOF/,/NINWFC/,/COMS/,/FK/,/DFAC))

COMMON SINFEL/ IMEM,KST,LM (4),KGROM,EAL,FL,COSA,SINA,PFAC,RATIO,
DEL TY,KODYX,KODY,XPP, X3PE,EAL1 ,EALG ,EAL6 ,EALT EALS,
XS, Y5, S, X6 ,XSD, Y50, PSD, INDRE, IVRTX
IFLOG, SEP,VTIOT, XTOT VPACP,VPACN,VENP,TVENP,VENN,

TYENN,SENB,TSEND,SENN,TSENN, SDFO, NODI,NODJ, KOUTDT,

PYP ,PYN,PYNC,REST(147)

SIMMON /WDBK/ STIF,STIFF,SST(2,2),AA(2,4),AATK(4,2),FFK(4,4),

1 ¥ (1962)

N EWN =

DIMENSION COM(1),COMS(") ,FER(4,4)
EQUIVALENCE (IMEN,COM(1))

STIFFNESS FORMULATION, BUCKLING ELEMENTS

DI 10 J=3,23
coA (J) =ConS (J)

CURRENT ST1FFNESS
ZALL PST9 (STIF,RODY)
PREVIOUS STIFFNESS

[F {8STEP.LT.2) GC TO 20
CALL FST9 (STIFF,FODYX)

STIFFNESS DIFFERTNCE

STIF=STIF-STIFF

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

FX (1,4)=-FK(1,2)
FK(2,2)=STIF*SINA**2
FK (2,3)=F%K (1,4)

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

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

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

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

DO 30 I=2,4

JI=1-1

D3 30 J=1,JJ

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

LF (MSTEP.GT.1) GC TO 8C

INITIAL SIIFFNESS POR STEP 0, BETA-0 ALLOWANCE FOP STEP 1
zz=1.

IF (MSTEP.EQ.1) CC=DFAC

D2 40 I=1, 16

FK (I,1)=FF (I,1)*CC

ADD SEOMEIRIC STIF FNESS
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I? (MSTEP.EQ.0.OR.KGECM.EC.0) GO Tn 8¢
PFL=COMS(34)/PL ‘ '
DO 50 I=1,4

SST(I,1)=PFL

DI 60 I=1,8

AA (I,1)=).

AA (1,1)=-SINA

AA (1,2)=CJSaA

A4 (2,3)=SINA

AA (2,8)=-COSA

SALL MULIST (AA,SST,AATK,FFK,4,2)
D2 70 I=1,16

FK (I,1)=FK (I,1) +FFK(I,1)

RETURN

END
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SIBROUTINE RESP9 (/NDCF¥/,/NINFC/,/KBAL/,/K?R/,/CONS/,/DDISH/,/DD/
,/TINE/,/VELX/,/DFAC/,/DELTAR/)

COMMON /INFEL/ TMEM,KST,LM (4),KGEOM,EAL,FL,COSA,SINA,PFAC,RATIO,
DEL TY,KODYX,XODY,XPP,X3RE,EAL1,EALY4,EAL6,EAL7 ,EALS,
Xx5,Y5,p5, X6 ,X5D,YSD,PSD,INDRE, IVRTX,
IELOG,SEP,VTOT,XTOT, VPACP,VPACN,VENP,TVENP,VENN,
TVENN,SENP,TSENP,SENN,TSENN,SDFO, NODT,NODJ, ROUTDT,
PYP ,PYN,PYNC,REST (" 47)
ZIMMIN /WOERK/ EALR,DSL,DSEP,SLI¥,FAC,FACTOR,PACAC,DSUB,FVRTX,
sLop6,sLoP7,CvVP,DS4,DSS,DS6,DS7,DS8,POUT (1983)

DIMENSION COM(1),COMS(1),CDISM (1),DD(1),VELNA(T)
EQUIVALENCE (IMEM,COM(1))

SCATE DETERMINATION, BUCKLING FRLEMENTS
DI 10 I=1, NINFC

ZOM (L) =COuS (I)

XJ)DYX=KODY

IF (IMEM.EQ.7) THFED=0

EX TENS ION INCREXENT

DV AX=COSA* (DDISM(3)-DDTSM (1)) +STHA*(DDISM(4) -DDISN(2))
VIOT=VTOTI+ DVAX

LINFEAR FORCE INCREMENT

CALL FSTS¢ (EALE,KCDY)
SLIN=SEP+EALE*DVAX

INITIALIZE

FVRTX=0.

CIECK VERTEX STATE

IF (IVRTX.EQ.0) CALL VRTX9 (FVRTX,DVAX,TINE)
IF (IVRTK. EQ.9) GC TO 120

FACAC=FVRIX

PACTOR=1.-FACAC

XIDYI=RODY +1

30 T9 (32,120,720, 40,50,6C,79,80,90,100) ,KODYT
ON SLOPE 0, ELASTTC, GET FACTOR FOR STATUS CHANGE
DS EP=EAL*DVAX

IF (DSEP) 21,110,32

FAC= (2 {NC-SEP) /DSFP

IF (FAC.GE.FACTOR) GO TO 237
FACTOR=FAC
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SEP=PYHC
KIDY=3
30 TO 110

FAC=(PYP-SEP) /DSEP

[F (PAC.3E.FACTOR} GO TC 37
FACTOR=FAC , :
SEP=PYP

K2 DY=9

50 TO 110

SEP=SEP+FACTOR*DSEP
50 O 110

JN SLOPE 3, BUCKLING ANDI CONTINUING
[P (DVAX.53T.0.) GO TO 41
JPDATE PLASTIC DEFORMATICNS

dJVP=FACTOR *DVAX
VP ACN=VPACN+DVP
32 7O 120

BUCXLI NG AND UNLOADING

{rOT=(VTOT-DVAX) /DELTY
IP (XTOT.SE.X3RE) GO TO 42

ESTABLISH NEW STIFFNESS fCR REVERSE

X3RE=XTOT
IELO3=1
CALL LAWS
PS=Y5*%PYP
£J3DY=4

52 T2 50

OSE JLD STIFFNESS FOR BREVEDSE

LP (INDEE.EQ.2.AND.XTOT.LE.X6) GO TO 43
TF ((X5D0-XTOT) .EQ.D.) GO TO u4u

SLOP5= (YSD+PFAC)/(X5D-XTCT)
EAL6=EAL¥SLOP6

KJ3DY=6

5 TO 70

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

L2DY=7

30 TO 80

KJ2DY=5

32 TO 60

ON SLO?E 4, GET PACTOR FCR STATNS CHANGE
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DS4=EAL4*DVAX

I? (DS4) 51,110,54
IF (SEP) 52,52,53
FAC=(PYNC~-SEP) /DS4
IF (PAC.SE.FACTOR) GO TC &S
FACTOR=FAC
SEP=PYNC

KJDY=3

30 TO 110
K{5D=VIOT/DELTY
Y5D=SEP/PYP
PSD=SEP

INDRE=1

£J3DY=5

53 TJ 60
FAC=(P5-5FP)/DS4
IF (FAC.3E.PACTOR) GO TO S5
FACTOR=FAC

SEP=P5

K2DY=3

30 T2 110
SEP=SEP+FACTCR*DSS
33 T3 113

3N S5LOPE 5, GET FACTCE FCR STATUS CHANGE

DSS=EAL*DVAX

IF (PSS) 61,110,62
FAC=("YNZ-SEP) /DSS

[P (FAC.3E.PACTOR) GO TC 4S5
FACTOR=FAC

SEP=PYNC

RKaDY=3

30 T 112

FAC=(P5D-SEP) /DSS

[F (PAC.GE.FACTOR) G0 TC AS
FACTOR=FAC

SEP=P5D

52 TO (63,64) ,INDRE

£IDY=4

30 0 110

XKJDY=3

30 TO 110
SEP=SER2+FACTOR*DSS

30 TO 11D

ON SLOPE 6, GET FACTOR PCR STATUS CHANGE

DS6=EAL6*DVAX

IF (DS6) 71,110,72
FAC=(PYNZ-SEP) /DNS6

[F (FAC.SE.FACTOR) GO TC 75
FACTCR=FAC

SEP=PYNC
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KODY=3

32 ™ 11)
FAC=(P5D-SEP) /DS6
[P (FAC.3E.PACTOR) GO TC 75
FACTOR=FAC

SEP=05D

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

30 T 119

£9DY=3

3 TO 1190
SEP=SEP+FACTOR*DS6
30 T2 110

JN SLOPE 7, GET FACTOR FOR STATUS CHANGE

D3 7=EAL7*DVAX

LF (0S7) 31,110,82

PAC= (P YNC-SEP) /DS7

IF (PAC.GE.FACTOR) GO TO 82
PACTOR=FAC ‘

SEP=PY NC

KJDY=3

3 O 11)

FAC=(PS-SEP) /DS7

IF (FAC.3E.FACTOR) GO TG 87
FACTOR=FAC

SEP=P5

KODY=8

33 TO 112
SEP=SEP+FACTOR®DS7

32 T0 110

J¥ SLOPE 3, GET FACTOR FOR STATUS CHANGE

DS8=EAL8*DVAX

[¢ (ps8) 91,110,92
£5D=VIOT/DELTY
{5D=SEP/PYP
P5D=SEP

INDRE=2

K3DY=5

30 TO 60

FAC=(PYP-SEP) /DS8

IF (FAC.SE.FACTOR) GO TC 93
FACTOR=FAC

SEP=PYD

KIDY=9

30 TO 119
SEP=SEP+FACTOR*DS8

30 TO 110

JN SLOPE 3, YIELDED BUT CONTINUTNG
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100 IF (DVAX.LT.0.) GO TG 107

101

120

130

JPDATE PLASTIC DEFORMATICNS

DV P=FACTOR*DVAX
XPP=XPP+DVP/DELTY
VP ACP=VPAZP+DVP
350 TO 123

YIELDED BUT UNLCADING
KIDY=0
RESIDJAL ELONGATION, BRE

IF (IELO3.NE.1) GO TO 105

SLEND=60./RATIC

3E=0.0175% (0.55+X3RE/SLFYD+0.0002*% XIRE**2)
RE=RE*PL/DELTY

KPP={PP+RE

[ELO3=

{3RE=XPP-PTAC
30 TO 30

CHECX POR COMPLETION OF CYCLE

FACAC=PACAC+FACTOR
[F (FACAZ.LT.2.996999%) GO TO 20

NEW FORCE, UNBALANCED FCRCE DUF TO YIELD

ST=SE?
DSUB=SLIN-SEP
IF (ABS(DSUB).GT.'.E-8) REAL=1

JEFORMATION RATE FOR DAMPING

I[F (DFAC.EQ.0.0.AND.DELTA.FQ.0.0) GO TO 140

IF (TIME.EQ.0.) GO TO 150

KBAL=1

JVAX=COSA® (VELM(3) ~VEIM(1))+SINA* (VELN (4) -VELN (2))

BETA-) DAMPING FORCE

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

STRUCTURAL DAMPING FORCE

[F (DELTA.EQ.0.) GO TO 40
DSL=DELTA®SIGYN (ABS (5T),DVAX)
DSUB=DSUB=-DSL+SDFO

SDFO=DSL
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UN BALANCED LCAD VECTOR

IF (XBAL.EQ.C) GO TO 150
DD (3) =DSIB*COSA

DD (4) =DSUB *SINA

DD {1) =-DD (3)

DD (2) ==DD( 4)

EXTRACT ENVELOPES

[F (SENP.GE.ST) G2 TO 160

SENP=ST

ISENP=TIME
30 TO 179
IF (SENN.LE.ST) GO TO 170

SEN¥=ST

-ISENN=TIME

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

IVENP=TIME

3 TO 192

IF (VENN.LE.VTOT) GO TO 190
VENN=VTOT

IVENN=TIME

CONTINUE

NEFEFWN 2

PRINT TIME HISTORY

IF (KPR.LT.0) GO TO 200

IF (K?R.EQ.0.0R.KQTJTDT.EQ.0N) 50 TO 240
1f (IHED.ME.O0) GO TO 220

KK PR=T ABS (X PR)

PRINT 210, KKPR,TIME ‘
210 FIRMAT (///18H RESULTS FCR GROUP,I3,

[1ED=1

274, BUCKLING FLFMENTS, TIME =,F8.3

//5X,58 FLEM,3X,8HNCD®,3X,4HNODE, 3X,SHYTFELD,8X, SHAXTAL, 4X,
98 NBT ,3X,2SHACCUM. PLASTIC EXTENSIONS/SX,

54 NO.,3X,44 I ,3%,8H J ,3X,5H CODE,8X,SHFORCE,4X,
SHEXTENSION ,5X,8HPCSITIVE,5X,8F XEGATIVE /)

?PRINI 230, TIMEM,NOUDI,NODJ,KODY,ST,VTOT,VPACP,VPACN
FORMYATD (IG5, 217,I8,F14.2,3F13.5)

SET I¥DIZATOR FOR STIFFNESS CHANGE

X5T=0

LF (KJODYX.NE.KODY) XST="

UPDATE INFORMATION IN CCHMS

DI 250 J=15,u7
COMS(J)=COM (J)
COMS(2)=C2H4(2)

RETGRN

END
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SIBRJUTINE OUTS (/COMS/,/NINFC))

ZJM4ON INFEL/ IMFY,KST,LM(4),KGEOM,EAL,FL,COSA,SINA,PPAC,RATIO,
PELTY,KOTYX,KODY,XPP, X3RE,EAL1,EALY,RAL6,FEALT ,EALS,
X5, Y5,P95,X6,X5D,¥5D,P5D, INDRE, IVRTX,
TELOG, SEP, VIOT, XTOT ,VPACP,VPACN, VENP, TVENP, VENN,
TYENN,SENP,TSENP,SENN,TSENN,SDFO, NODI,NODJ,KOUT DT,
PYP,PYN,PYUC,REST (147)

e WwN -

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

ENVYELOPE JUTPUT, BUCKLING FLEMFENTS

23 10 J=1, NINFC
10 COoM(J) =CO4S (J)

IF (IMEM.EQ.1) DPINT 20
20 PORNAT (27H BUCKLING FLEMENTS (TYPE 9)////
SH ELEM, 3X, 4HNODE, ?X,4HNODE, * 1X,20HMAXINTY AXIAL FORCES,
19X, 18HMAXT MUM FXTENSIONS,12X,25HACCUM. PLASTIC EXTENSIONS/
S§ NO.,3X,4H T ,3X,44 J ,5X,THTENSION,3Y,4HTINE,
6X, SHCOMPN,3X,4HTIM®,5%,8HPOSITIVE, 3X, 4HT IME,
3, SHNEGATIVE, 3X, UHTINE,7X,8HPOSITIVE,SX,8HNEGATIVE/)

nmeEWwNn —

2314r 30,TM¥EM,NODT,NODJ,SENP,TSENP,SENN,TSENN,VENP,TVENP,VENN, TVEN
1N, VPACP,VPACHN :
30 ?ORMAT(I4,17,77,2%,2(F11.2,F7.2),2X,2(F11.5,F7.2),2X,2F13.5)

RETURN
END
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SJBROUTINE FSTS (/STIF/,/KQD/)

PORM AXIAL STIFFNESS

ZJMM¥ON /INFEL/ IMEM,KST,LM (4),KGEON,BAL,PL,COSA,SINA,PPAC,RATIO,
1 DEL TY,KODYX,XODY,XPP,X3RE,EAL1,EALY,FAL6,EAL7 ,EALR
2 ~ BEST(177) ‘
KY Y=KOD+1
32 ™0 (1),20,30,40,50,60,70,80,99,100) ,KYY
10 ST IP=EAL
3 70 112
20 ST IF=EAL!
30 TO 110
30 STIF=EAL
30 TO 110
40 STIF=).0)1+*EAL
30 TO 110
50 STIP=EALY
3 9 11
60 SIIF=EAL
3 O O11)
70 SEIF=EAL6
30 TO 110
80 STIP=EAL7
3 TO 112
$0 SIIF=EALS
50 TO 112
100 5TIF=0.001%EAL

110 RETIRN
END
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50BRDUTINE LAWO
3ENERATE P-DELTA HYSTERESIS CURVE
SIMMON SINFEL/ INEM,KST,LM{(4),KGEOM,ZAL,FL,COSA,SINA,PFAC,RATIO,
: DELTY,KODYX,KODY,XPP,X3RE, EAL1, EAL4,EAL6, EAL7, EALS,
%5, Y5,PS, X6,X5D ,Y5D,PSD, INDRE ,IVRTX ,REST (16 8)
IESIDUAL ELONGATION, RE
SLEND=60./RATIO
28=0.0175% (0. 55*Y3IRE/SLEND+0.0002+X IRE**2)
RE=RE*FL/DELTY

XPP=XPP+RE

XPP1=1,.+XPP

BETA=1./3.

DENOM= {(XPP 1-X3RF) + (1. +PFAC)/BETA
{NUMR=XPP~-X3RE~PFAC
fS=RATIO*XNUMR/DENOM
£5=XPP~YS/BETA

SLOPY= (¥Y5+PFAC) /(¥5-X3RE)
EAL4=EAL*®SLOPY

SLOPB= (1.-Y5) / (XPP1~-X5)
EAL8=EAL*SLOP8

X6 =X5-Y5-PFAC

P P=XPP-RE

RETURN
END
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5JBROUTINE VRTXS (/FACAC/,/DVAX/,/TIME/)
AXTAL STALIE DETERMINATICON IN TENSION AND VERTFX REGIOHNS

<O MMON /IHFEL/ IMFM,RST,LM(4) ,KGEOH, EAL FL,COSA, SINA,PFAC,RATIO,

DELTY,RKODYX,KODY,XPP, xsnz EAL1 EALa EALG, FAL7 EALS,
X5, Y5,P5,X6,%X5D, YSD PSD,INDRE, IVRTX.
rvnoc SEP, vmor XTOT VPACP,VPACN,VENP, TVENP, VENN,
TYP NN, snup TSEND, sznn TSENN, SDFO NODI,NODJ,KOOTDT,
PYP, pyu pvwc stm(1u7)

INITIALIZE

FACAC=0.

FACTOR=1.,-FACAC

X2 DYI=KODY +1
[P (KJDYI.EQ.10) EODYT=4
30 TO (29,30,40,50),KCDYT

O SLOPE J), ELASTIC, GET FACTOR FOR STATUS CHANGE

DSEP=EAL*DVAX

IF (DSEP) 21,5K0,22
FAC=(PYN-SEP) /DSEP

[P (FAC.5E.FACTOR) GC TO 23
FACTOR=FAC

SEP=PYN

K2D01=1

SENN=PYN
ITSENN=TINF
30 TO 60

FAC=(PYP-SEP) /DSEP

[F (FAC.FE.FACTOR) GG TO 23
FACTOR=FAC

SEP=PYP

KJ3DY=9

30 TO 60

SEP=5EP+FACTOR*DSEP
33 TJ 60

ON SLOPE 1, GET FACTOR FCR STATUS CHANGE
JS1=EAL1*DVAX

IF (FAL1.NF.0) GO TO 3%

KJDY=3

LVRTX=1

350 TO 80

IF (DS1) 31,60,32

BUCKLED BOT LOADING
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RJDY=2
50 TO 40

BUCKLING AND CONTINUTNG

FAC=(PYNC~SEP) /DS1

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

SEP=PYNC

KODY=3

JPDATE PLASTIC DEFORMATION

7P ACN=VPACN+PACTOR DV AX
32 T 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
IF (DS2) %1,67,42

BICKLING AND CONTINUING

RIDY=1
30 To 30

BICKLED BUT LOADING

FAC=(P§ﬁ:-SEP)/D52

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

SEP=PYNC

KJDY=3

33 TO 70

SEP=SEP+FACTOR*DS2
30 O 60

ON SLOPE 6, TENSTION YIELDING

[F (DVAX.LT.J) GG TO €©1
DVP=FACTOR *DVAX
{pP=XPP+DVP/DELTY
V2ACP=VPACP+DVP

30 To 80

YIELDED 3UT UNLOADING
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KODY=0
{3RE=XPP-PFAC
350 TO 20

PACAC= PACAC+PACTOR
IF (FACAZ.LT.D.99%9999) GC TC 10
RETURN

FACAC=FACAC+FACTOR
IVRTX=1

RETURY
END
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APPENDIX A-2

FORTRAN LISTING OF END MOMENT-BUCKLING
ELEMENT EL10 ‘
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SUBROUTINE INSL10(/RCCNT/,/TCONT/,/NDOF/,/NINFC/,/1D/,/X/,/Y/,/88/
1)

SJIMMON /INFEL/ IMEM,KST,IN(6) ,KGEON,FL,COSA,SINA,A(Z,6),EX11,
EK22,ER12,ESH, EAL, K11, 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) ,E#Y (2,2),NO0DT, NODJ,KOUTDT,PR12,PR21,
PMX (3,2,2) JAT(4,2,2) ,A2(4,2,2),
PFAC,RATIC,DELTY,KODYX1,KODY1,X?P,X3RE, FAL1, EALG,
EAL6,EAL7,EALS,X5,Y5,PS,X6,%X5D,Y5D,P5D, INDRE,
IVRTX,IELCG,VTOT,XTOT,V PACP, VPACN, VENE, TVEND , VENY,
TVENY,PYP ,PYN,PYNC,REST (30)
ZIMMON /WDKK, SFF (8) ,SSFF (8), DD(6) ,GA(6, 6),FFEF(6),FF(6),
PAAK(S5,2,40) JAAT(4,2,40) JAA2(4,2,40) ,X% (5,2),
FTYE (40,9) ,FEF (35,7) JKDFEF(35), FISIT (30,6) .
NMEN,NMBET,NSUXF, NFEF,NINT,INODI,INODJ,INC,IINC,
IMBT, IIHBT, IKSFI, IXSFJ,TKGY, [RDT, KFDL, IKFDL, KFLL,
IXFLL,FDL,FFCL, FLLF, AK,SLEND, 2Y21, PYP2,PYN1, 2YN2,
K51,K52,XL,YL,DET,?LL,SS,#(25)

O NOWNEWNS

MW & Wk -2

LIMENS ICE KCOHT (%) ,ID(MN,1),X(1),Y (?),C04(1),AST(2) ,YESNC(2),
1 KSF (<) ,FTYP1(40,D)

EJUIVALENCE (IMEY,CCH (1))

VATA AST/<H ,2H */

DATA YESNO/4H YES,4H NC /

DATA INPUL, END MOMENT-EUCKLING ELEMZENTS

NDOF=6

NINFC=170

KZO4=KCOKT (1)

NYEM=KCONT (2)
WMBT=KCCNI ( 3)

“SURF=KCONT (4)
NFEF=KCOHT (5)
NINT=KCONTI (6)

ERINT 10, (KCONT(I),I=2,6)

Nneaa

LNPUT STIFPFNE3S PROPERTIES

ERINT 20

20 FORMAT (////16H STIFFNFSS TYPES// ‘
5H TYPE,6X,7H YCONGS,4X,SHHARDENING,AX,7HSECTICN,

10 FISHAT (35 END MOMENT-BUCKLING ELEMBUTS (TYPE *0)////
1 348 NC. OF ELEMENTS =14/
2 34H NG. CF STITFNESS TYPES =TI4/
3 344 NO. OF YIEID SUEFACES =T4/
4 34H NG. OF FIXEC ENC FORCE PATTERNS =T4/
5 344 NO. OF INITIAL FORCE 2ATTERMNS =14)

1

2 3%, SHREFERENCE,6X, 26 HFLEXURAL STIFFNESS FACTOES,
3 3X,SHSHEAE,5X,7HECISSON/

4 SH NC.,6X, TAMCDULOS,4X,°H PRATIC ,6X,70 ALEA ,
5 3X,%H INEFTIA ,6X%,26H II

&

8%, 5H AREA,5X,7H RATIC /)

JJ - o,
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DO 30 ¥=1, NMET
ERAD 40, I, (FTYP(¥,J) ,d=1,9)
30 ERINTE 50, N,(FTYP(N,J),Jd=1,9)
40 FORMAT (15,4F10.C6,3P5.0,2F1C.0)
50 FORUATL (I4,E14.4,E813.4,2F72.2,3X,3F10.3,F13.2,F1.3)

INPUTI RADIUS OF GYRATION , K AND PHI FACTORS

PRINT 60
60 FORMAT (////16H STIFFNESS TYPES//
54 TYPE,6X,10H RADIUS OF,6X,184 EQUIVELENT LEN:TH,
6X, 195 STRENGTB BECCCTION/
54 NO.,6X,10H GYRATION ,12X,12H COEFFICIENT,
122,74 FACTOR)
00 70 ¥=1,NMBT
READ 80, I, (PTYP1(X,J),J=1,3)
70 ¢RINT 90, N,(FTYP1(N,J),d=1,3)
89 FORMAT (I5,3F10.C)
$0 FORMAI (I4,4X,F10.3,2(10%X,F10.3))

W

INPUT M-P YIELD SURFACE PFOPEETIES

PRINT 110
110 FORMAT (////25H0 YIELD SURFACE PFCPERTIES// :
8H SURFACE, 9X,13HYIELD MOMENTS,15X%,

2 124YIELD FORCES, SX,16HCCORDINATES OF A,6X,

3 16 HCOCRDINATES QF E/

4 84  NU. , - 5X,3APOSITIVE, 5X, 3HNEGATIVE, 8%,
5 S5AZC4PN, 6X, THTENSICN, 6X, 16HMOMENT FORCE,6 X,

6 16H HO4ENT FCRCE/)

DO 200 IYT=1,NSURF

@EAD 12¢, I, (SFF(J) ,J=1,8)

BRINT 130, IYT, (SFE(3) ,J=1,8)

120 FORMAT (15,4F13.92,4PF5.¢

130 FOHMAT (I5,F15.2,3F%3.2,2(2%,2F10.3))
SFF(2) ==ABS (37F (2) )
SFF(3) ==ABS {SFF (3) )
SFF (4) =AS5 (STF (L))
IF (SPF(b).ED.C.) SFF
IF (SFF(3) .EQ.0.) STF

ST EEL TY?C

¢MAX (1,1, IYT)=SFF(3)
PMAX(1,2,LYT)=SFF( I

. P¥AX(Z,1,IYT)=SFF (3) *SFP (6)
PAAL (2,2, IYT) =5SFF(3) *SFF (8)
P4AX(3,1,IYT) =0.
PMAX (3,2, IYT)=C.
PHAX (4,1, IYT) =SFF(U4) *SFF (6)
PMAX(4,2,LYT)=SFF (U) *SFF (3)
PAAX(5,1,IYT)=STF (4)
2134(5,2,LYT) =SFF (4)
1 (1,1)=0.
X4 (1,2)=0.
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L4 (2,1)=SFF(1)*SFF (5)

XM (2,2)=SFF (2) *SFF(7) ’
L% (3,1)=SFF (1) ST '
LM (3,2)=SPF(2)

X4 (4,1)=XM4(2,1)

XM (4,2)=X5(2,2)

X% (5,1)=0.

LM (5,2)=0.

DD 193 J=1,2

EP2=PHMAL(1,d, IYT)

X4 2=x8 (1,J)

DO 190 I=1,4

PP 1=PP2

AM1=X42

PP2=PMAX(L+1,J,IYT)

42=X4 (I+1,J)

DENOM=XH1*pPpP2-XM2* 221
AA2(I,3,1fT)=(PP2-PP1)/CENCHM

190 aA1(1,J,I¥T)=(X41-X12) /DENCH

200 CONTINUE
FIXED END FORCE PATTEENS

IF (NFEF.EC.J) GO TO 25C
PRINT 210
210 FORMAT (////25H FIXED END FORCE PATTERNS//
g4 PATTERN,2X,4HAXIS,7X,SHAXTIAL,7X,SHSHEAR,6X,6HMOMENT,
7%, SHAXIAL, 7X, SHSHEAR,6 X ,6H40NENT,5X,8HLL. RED./
84  NO. ,3X,UACCLCE,7X,SHAT 1I,7X,S5HAT TI,6X,6H AT T ,-
7%X,5HAT J,7X,5HAT J,6X,64 AT J ,5X,8E FACTOR /)
DO 220 N=1,NFEF
KEAD 23C, I,XDFEF(N),(FEF(N,J),J=1,7)
220 PRINT 240, N,KDFEF(¥),(FFF(N,Jd),d=!,7)
230 FORMAT (215,7510.0)
.40 FORHAT (I5,I9,F13.2,5F12.2,F12.3)

Ewih -

INITIAL FOKCE PATTERNS

250 IF (NINT.EQ.0) GG TO 390
PRINT 260 )

260 PORMAT (////28H INITIAL END PORCE PATTEENS //
8H PALTTERN,7%,SHAXIAL,7X,SHSHEAE,6X,RHXOMENT,7X,5HALIAL,
7%, SHSHEAR,6X ,6 HMCMENT/
6H NO. ,7X,5HAT TI,7X,5HAT T,6X,0H AT I ,7X,SHAT J,
7X, SHAT J,64,€H AT J /)

D) 275 N=1,NINT

READ 280, I, (FINIT(N,J),Jd=1,6)

279 PEINT 29C, N, (FPINIT(N,Jd),J=1,6)

280 FORMAT (IS, 6F10.0)

250 FORMAT (I5,3X,6F12.2)

Wik -

ELEMENT SPECIFICATION

300 PRINT 310
310 FORMAT (////22H ELEMENT SEECIFICATION//
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“16H INITIAL FOFCES /

12H DL L ,3%,178 DL
174 NG. SCALE FAC./)

wNdOUE WN -

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

K2DYX (1) =0

KJDYX (2)=2

KODY (1) =0

K3 DY (2)=0

K3 T=0

DI 325 J=145,167
325 CoM(J) =0.

KODYL1=0

KODY1=0

X2 P=0.

IMEd=1

3X,4H ~NO.,3X,48B T ,2X,48 J
2%X,144 END I END J ,2X,4HSTIPF,2X,4HHIST, 3X,

22X ,4HDI

LL

330 READ 340, INEL, INODI,INCDJ,TINC,ITHBT,

1lKFDL, IKFLL,FFDL,FFLL,IINIT,FFINIT
3490 FORMAT (1115,2F5.0,1I5,F5.0)

iP (INBL.3T.14EM) GO TC 380
350 NODI=INODI

NODJ=INODJ

INC=IINC

IF (INC.EQ.0) INC=1

IMBT=IIMBT '

KSF (1) =1KSFI

KSF(Z2) =IKSFJ

KGEON=IK3M

KOUIDT=IKDT

ING=YESKO(2)

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

{NT=YESNG{ 2)

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

KFDL=IKFDL

KFLL=IKFLL

FDL=FFDL

FLLM=FFLL

FLLF=1.

IF (RFLL.EQ.C) GO TO 36¢C

FLLF=FEF(IKFLL,7)

IF (FLLF.EG.0.) FLLF=1.F-¢
360 INIT=IINIT ’

YIND=FFINIT

ASTT=AST(1)

1F (INEL-NMEM) 330,380,330

370 NODI=NODL+INC

3X, 4BELEY, 53X, 4ANCIE,2X, 4ANODE,2X,4HENODE,2X,4HSTIF,
24,71UHTIELD SUFFACES,2X,4HGEOM,2X,UHTINE, 3X,
i<HFEF PATTERNS,3X,17HFEF SCALE FACTCRS,3X,

FF,2X,4HTYPE,

33X,

IKSFI,IKSFJ,IKGM,TKDT,
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NODJ=NODJ+ INC
ASTT=AST(2)

PRINT 350, ASTT,IMEM,NCDI,NODJ,INC,IMBT, - KSF(1),KSF(2),YNG,INT
 KFDL, KFLL, FDL, FLLM,INIT,FINT
PORMAT (A2,14,17,316,217,5%,A4,2X,A4,17,16,F11.2,F10.2,17,F11.2)

LOCATION MATRIX

DD &40C I=1,3

LY (I)=ID(NCDI,I)
LY (I+3)=ID(NODJ,I)
<ALL BAND

ELEMENT PAOPERTIES

LL=X(NODJ) - X (NODI)
YL=Y(NODJ) ~Y (¥GDI)
FL=SQKT (XL*%2+YL**2)
Z0SA=XL/FL
SINA=YL/FL
YMOD=FTYP (IMBT, )
PSH=FTYP (INBT,2)
PPSH=1.-PSH
ESH=PSH/PP SH

AR EA=FTYP ( IMBT, 3)
EAL=YYOD*AKEA/FL
RAD=FTYP1({IMBT,1)
AK=FTYP1(IMBT, 2)
SLEND=AK*FL/RAD
KATIO=60./SLEND

KS 1=KSF (1)
KS2=KSF(2)
PY21=PMAX(5,1,KST)
PYP2=PMAX(5,1,KS2)
IP (PYP1.LE.PYE2) GO TC 42C
PYP=PYP2

GO TO 421

PYP=PYP1

CONTINOE

PYNI=2BAK (1,1,KS1)
PYN2=PMAX (1,1,KS2)
IP (PYN1.LE.PYNZ) GC TC 4325
PYN=PYN2 ‘
GO TO 426

PYN=PY N1

CONTINUE
EHI=FTYP1(IMBT, 3)
PYNC=PHI*P YN
PFAC=ABS (PYNC/PYP)
SLOP1= (PPAC*(1.-PHI)) /(EFAC-5. *PHI)

 EAL1=SLOP1*EAL

{3RE=-PFAC
DELTY=PYP/EAL
EIL=YMOD*FTYP (IMBT,4) *PPSH/FL
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FACL=PTYP (IMET,5)
FACR=FTYP( IMBT, 6)
PACLE=FTYP (IABT,7)
IP (PACL.EQ.0.) PACL=1.E-6
IP (PACR.EQ.0.) PACR=1.E-¢€
IF (PTYP(LMBT,8).EQ.0.) GC TO 430
SHFAC=EIL/ (FTYP (IMBT, 1)/ (2.%(1.+PTYP (IMBT,S))) *FTYP (IMBT,8) *FL #PPS
14)
DET=FACL*FACR-FACLR**2
FII=FACR/DET+SHFAC
FJJ=FACL/DET+SHFAC
FPIJ=-FACLR/DET+SHFAC
DET=FLI*FJJ-FIJ**2
FACER=FII/DET
FACL=FJJ/DET
FACLR==-F1J/DET

430 ER11=EIL*FACL
EK22=EIL*FACR
EK12=EIL*FACLR
EK114=EK11-EK12%*2/EKzZ2
EK22H=EK22 -EK12%**2 /JEK11
PR12=EK12/EK22
PR21=EXK12/EK11

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

nOn

DO 450 K=1,2
KK =KST (K)
DO 450 J=1,2
DO 440 I=1,3
440 24X (I, J,K) =PEAX (I+,J,KK)
DO 450 1=1,4
A2 (1,3 ,K) =PPSH/AA2 (I,J,KK)
450 a1(I,J,K)=AA1(I,J, KK) *A2 (I,J,K)

DISPLACEMENT TRANSFORMATICN

Q0N

2(1,1) =-SLNA/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.
A(2,4)=A(1,4)
A(2,5)=A(1,5)
A(2,6) =1.

LJADS DUE TO FIXED END FCECES

nnon

D2 480 I=1,6
SFF (I) =0.
480 $3FF(I)=0.
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1F (KFDL+KFLL.ZQ.G) GC TC 610
DO 450 I=1,6
DO 4S50 J=1,6
GA (I, J)=0.

34 (1,1)=COSA
3A (1,2)=SINA
54 (2,1)=-SINA
GA (2,2)=C0SA
GA(3,3)=1.

34 (4,4)=C0SA
3A (4,5)=SINA
3A (5,4) ==SINA
GA (5,5)=COSA
5A(6,6)=1.

IP (KFDL.EQ.0) S0 TO £3C

DO 500 I=1,6

FPEF(I)=FEF (KFDL,I)*FDL

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

DO 523 1=1,6

SFF (I) =FFEP (I)

i¥ (KFLL.EQ.C) GO TO 57C

DO 540 I=1,6

FLL=FLLF*FLLX

I[P (1.BQ.3.0R.I.EQ.6) FLI=FLLM

FFEF(I)=FEF (KFLL,I)*#FLL

1F (KDFEF(KFLL) .EQ.)) GC TC 550
CALL 4ULT (GA,FFEF,SSFF,6,6,1)

30 TO 570

DJ 560 1=1,6

SSPF(I)=FFEF(T)

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

CALL HUOLLY (GA,FF,DD,6,€,1)
cALL SFOKCE (DD)

YODIFY TO GET INITIAL EILEMENT FCRCES

00 600 I=1,6

FLL=1./FLLF

IF (I.EQ.3.0B.I.EQ.6) FILL=1.
SFF (I) =SFF (I) +SSFF (I) *F11

INITIAL FORCES

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

DO 620 I=1,6

SFF(I) =SFF (1) +FINIT(INIT,I)*FINT

INITIALIZE AKKAYS
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C .
630 BAEP(1)=SFF(3) *PPSH
bMEP(2)=SFF (b) *PPSH
FTOT (1)=SFP (1)
FTOT (2)=SPF (4)
SFTOT(1)=SFF(2)
SPTOT (2) =S FF(5)
BATOT (1) =SFP(3)
BMTOT (2) =SPF(6)
DO 650 I=1,6
SS=BMTOT(I)
IF (S5.LF.0.) GO TO 640
SENP (L) =SS
50 TG 650
640 SENN(I)=SS
650 CONTIHUE

c
C YIELD MOMENTS FOR INITIAI FORCE STATE
c
CALL YNOM10
c
CALL FINISH
C
C SENERATE MISSING ELEMENTS
c
LF (I4EM.EC.NMEM) RETURE
IMEM=IHEM+1
IP (IMEK.EBQ.INEL) GO TG 350
353 TO 370
¢

END
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_5JBROJUTIKE STIFi0 (/MSTEP,/,/NDQOF/,/NINFC/,/COMS/,/FK/,/DFAC/)

COMMON /INFEL/ IMEX,KST,LM (6),KGEOM,FL,COSA,SINA,A(2,6),EK11,
EK22,EK12,PSH,EAL,EX11H,EK22H, XODYX (2) ,
KODY (2) ,EMTCT(2) ,SPTOT(2) ,FTOT (2) , PRTOT (2) , SENP (8),
SEEN (8) ,TENP (8) ,TENN(8) , PRACP (2) , PRACN(2) ,BMEP(2),
SDACT (3) ,BMY (2, 2),NODI,80DJ ,KOUTDT,PR12,PR2 1,
PMX (3,2,2) ,A1(4,2,2) ,A2(4,2,2),
PFAC,RATIO, DELTY,RODYX?,KODY1,XPP,X3RE, EALY, EALY,
EAL6,EAL7,EAL8,X5,Y5,P5,X6,X5D,¥5D,P5D, INDRE,
IVR TX, IFLOG,VTOT,XTOT,VPACP,VPACN, VENP, TVENP,VENN,
TVENN ,EYE,EYN, 2YNC, REST (30)

COMMON /WORK/ ST(Z2,2) ,STT(2,2) ,ATK (6,2) ,AA (2,6) ,PFL,AXK,FAC,

1 FFK(6,6) ,FSE (6,6) ,¥ (1893)

W NTNE WK -

OIMENSION COX(1),COMS(1) ,FK(6,6)
EQUIVALENCE (IMEK,COM(1))

STIFFNESS FORMULATION, END MCMENT-BUCKLING ELEMENTS

D2 10 J=3, 35
COd (J) =Cou s (J)
DO 15 J=141,14¢
CIM (J) =COu S (J)

CURRENT AXIAL STIFFPNESS
CALL FSTIJA (STI1F,KODY?)
PREVIOUS STIFFNESS

LP (MSTEP.LT.2) GO To 20
CALL FST1JA (STIFF,KODYX1)

SITIFFNESS DIFFERENCE

STIF=STIF-STIFF
CONTINUE

DO 30 I=1, 36
FSK(I,1)=).
AXK=SI IF#CC3A**2
FSK(1,1)=a XK

F5K (1, 8) == AXK
FSK(4,4)=2XK
AXK=STIF*S Ij§A®*2
FSK(2,2)=AXK

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

D2 40 I=1,6

DO 40 J=I,6
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FSK(J,I)=FSK(I,d
CURBENT FLEXURAL STIFFNESS, ELASTO-PLASTIC PART
CALL FST10B (ST,KODY) '

PREVIOUS STIFFNESS

1F (MSTEP.LT.2) GO TO SO
CALL FST10B (STT,KODYX)

STIFFNESS DIFFERENCE

DO 60 I=1,4

ST (I,1)=ST (I, 1) -STT(I,")

CALL MUL1ST (A,ST,ATK,FF,6,2)

SET TOTAL STIFFNESS

po 7¢ 1=1,6

Do 7C J=1,6

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

RETURN

JRIGLNAL STIFFNESS AT STEE ©, EFTA-C, CORKN AT STEP 1

FAC=1.

‘IF (MSTEP.NE.1) GU TC 85

FAC=DFAC ‘ >
D0 80 I=1,36

FSK(I,1)=FSK(I,1)*FAC

CC= (1. +PSH) *FAC

DI 90 I=1,4

ST (I,1)=51 (I, 1) *CC

ZALL MULIST (A,ST,ATK,FK,6€,2)

SET IOTAL INITIAL STIFFNESS

DO 100 I=1,6
D3 109 J=1,6
FK{I,J)=rL(I,J)+FSK(I,J)

ADD GEOMETRIC STIFFNESS

IF (M3TEP.EQ.0.CR.KGECH.EG.J) GG TO 120
PFL=(ZOHS (41) -CCES5 (40)) /(2 .%FL)
D2 113 I=1,4

SI (I, 1)=PFL

D3 130 I=1,1c

AA (I,1)=C.

AA (1,1)=-SINA

44 (1,2)=COSA

AA (2,4)=SINA

AA (2,5) ==CGSA

CALL MULiST (AA,ST,ATK,5FK,6,2)



c

C

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

120 EETURN

END

79
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5JBRJOUTINE RESP10(/NDO¥/,/NINFC/,/KBAL/,/KPR/,/COMS/,/DDISM/,/DD/,
/TINE/,/VELY/,/DFAC/,/DELTAY/)

STATE DETEZRMINATION, END MCMENT-BUCKLING ELEMENTS

SIMMON /INFEL/ TMFM,KST,IM(6),KGEOM,FL,COSA,SIYA,A(2,5),EK11,
£X22,EK12,ESd,EAL, EK11H, EK22H, RODYX (2) ,
KODY (2) ,B*TOT(2),SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENN(8) ,TFNE(8) ,TENN(8) ,PRACP (2) , PPACN (2) ,BNEP(2),
SDACT (3) ,BMY (2, 2),NODT,¥0ODJ,X0OUTDT,PR12,PR21,
PMX (3,2,2) ,A1(b,2,2) ,A2(8,2,2),
PFAC,RATIC,DELTY,KODYX1,RODY 1,XPP,X3IRE, EAL1, EALS,
FAL6,EAL7,EALS, X5,Y5,P5,XA,X5D,YSD,PSD, TNDRE,
TVRTX,IRTOG,VTOT,XTOT ,VPACP,VDACN,VEND, TVENP,VENN,
TVYFNN,PYP,PYN,PYNC, REST (39)

ZIMMON SWORK/ DVR(2) .D2P (2),DBM(2) ,3BMTOT(2) ,BAL (2) , BMFL (2) ,
DVAX,SLIN,FACAC, FACTOR,FAC,DSF,BNIUB,BMJUB,SFUB,
DSEP,DVP,SLCE6,SLOP7, DS4, DSS,DS6,DS7,DS8 ,EALE, FOUB,
XBAL1,KST1,W (1966)

DILMENSION COM(1),COMS (1) ,DDISM (1),DD{(1),VELM (1),NOD({2)
EQUIVALENZE (IMEM,COM (1)), (NODI,NOD(1))

DO 10 J=1, NINFC

Z3M (J) =CTuS (J)

KIDYX (1)=KODY (1) )
{2DYX (2) =K ODY (2)
KJDYZ1=KJD Y1

IF (IMEM.E0N.1) TIPED=0

JEFOBMATION INCREMENTS

DVAX=COSA® (DDTSM(L)=-DDISM (1)) +SINA* (DDISM(5) -DDISH (2))
ROT=(SINA* (DDIS¥(U)=DDTSM (1)) +COSA* (DDTSH(2)=DDTISM(5)) ) /FL
JVR (1) =DDI SX(3) +ROT

DVR (2) =DDTSH(6) +POT

VTOT=VTOT+DVAX

SEP={FTOI(2)=FTCT (1)) *0.5

AXIAL FORZE INCREMFENT

CALL FST10A (EALFR, ¥FODV1)
SLIN=SEP+EALE*DVAX

AXTAL STATE DRTFRMINATICN

“FVRTK=0.

CHECKX VERIEX STATE
[F (TVRTX.EQ.0Q0) CALL VRTY1Y (FVRTX,DVAX,SEP,TINF)
IF (IVRTYX.EQ.Q) GI TO 129

FACAC=FVRTX
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FACTIR=1.=-FACAC _
RODYI=KODY 1+1 :
32 TO (30,120,120,40,50,66,70,80,90,100) ,KODYT

JN SLJOPE 3, ELASTIC, GET FACTOR FOR STATOS CHANGE

DSEP=EAL*DVAX

I? (DSEP) 31,170,332
FAC=({(PINC~-SEP) /DSEP

IF (FAC.GE.FACTOR} GO TO 33
FACTOR=FAC v
SEP=PYNC

KIDY1=3

30 TO 110

FAC=(PYP-SEP) /DSEP

[f (FAC.3FE.FACTORY 60 TO 33
FACTOx=FAL

SEP=PYP

KJDY1=9

32 T2 110

SEP=SEP+FACTOR#*DSEP
30 T 11

ON SLJPE 3, BUCKLING AND CONTINUING
LF (DVAX.3T.0.) GG TO 41

GPDATE PLASTIC DEFORMATICNS
DVP=FACTOR*DVAX

VPACN=VPACN+DVP

30 T) 122

BUCKLING AND UNIOADING

XIOT=(VTOT~-DVAX)/NDELTY
IF (XIOT.GE.X3RE) GO TO 42

ESTABLISH NEW STIFFNFSS FCR REVERSE

X3RE=XTOT
ITELOSG=
CALL LAW1D
25=Y5%PYP
KJaDY1=4
30 TO 50

JSE OLD STIFFNESS POR REVERSE
IF (INDRE.EQ.2.AND.YTOT.LE.X6) GO TO u43

IF((X5D-XTOT).EC.0.) GO TO 44
SLOP5= (YSD+PFAC)/ (X5D-XTCT)
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EAL6=EAL*SLOP6
KODY1=6
30 TO 70

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

K2DY1=7

33 TO 80

K3DY1=5

50 TO 60

ON SLJOPE 4, GET FACTOR FCR STATUS CHANGE

DS4=EAL4*DVAX

IF (DS4) S51,110,54
IF (SEP) 52,52,53
FAC=(PYNC~-SFP) /DSH
1? (FAC.3E.FACTOR) GO TQ 55
FACTOR=FAC
SEP=PYNC

KoDY1=3

32 T2 11
X5D=VTOT/DELTY
{5D=SEP/PYP
25D=SEP

INDRE=1

KIDY1=5

33 TO 60
FAC=(PS-SEP)/DS4
[F (FAC.GE.FACTCR) GO TC SS
FACTGR=FACZ

SEP=P5

KoDY1=8

30 TO 11
SEP=SEP+FACTOR*DS4
32 T2 119

JN SLJOPE 5, GET FACTOR FOR STATUS CHANGE

DSS=EAL®DVAX -

LF (DSS5) 51,110,R2
FAC=(PYNC-SEP) /DSS

IF (FAC.GE.PACTOF) GO TG 65
PACTOR=FAC

SEP=PY NC

KIDY1=3

30 T2 110

FAC=(PSD-SEP) /DS5

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

SEP=?5D

30 TO (63, 64),INDEE

K3DY1=4

30 T2 1)

KODY1=8
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65

70
71

72

83

520 70 119
SEP=SEP+FACTOR*DSS
30 T 110

ON SLIOPE 6, GET FACTOR FCR STATUS CHANGE

DS6=EAL6*DVAX

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

IP (FAC.SE.FACTOR) GO TC 75
FACTOR=PAC

SEP=PYNC

KODY1=3

32 TO 112

FAC=(P5D-SEP) /DS6

IF (FAC.3R.FACTOR) GO TO 75
FACTOR=FAC .

- SEP=PSD

713

74

75

80

81

82

83

S0
g1

32 T2 (73,74 ,INDRE
KODY1=4

30 TO 110

KJDY1=8

30 TO 110
SEP=SEP+FACTOR*DSE
39 T 11

JN SLOPE 7, GET FACTOR FOR STATUS CHANGE

DST=EAL7#DVAX

IF (DS7) 31,110,82

FAC= (P YNZ-SEP) /DS7

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

SEP=PYNC

£2DY1=3

30 TO 112

FAC= (P5-SEP) /DS7

IF (FAC.GE.FACTCR) GO TC 83
FPACTOR=FAZ

SEP=P5

XIDY1=8

30 TO 110
SEP=SEP+FACTOR*DS7

32 T 119

IN SLOPE 3, GET FACTOR FCR STATUS CHANGE

DS8=EALB*DVAX

IF (DS8) 31,110,¢2
XSD=VITOT/DELTY
Y5D=SCP/PYP
PSD=SEP

INDRE=2

K2DY1=5

50 TO 60
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FAC=(PYP-SEP) /DS8

IF (FAC.GE.FPACTCR) G0 TC S3
FACTOR=FAC

SEP=PYP

£2DY1=9

502 T 110
SEP=SEP+FACTOR*DS8

32 7O 119

JN SLOPE 3, YIELDED BOUT CCNTINUING

2

IF (DVAX.LT.0.) GO0 TO 107
JPDATE PLASTIC DFFORMATICNS

DVP=FACTIR*DVAX
XpP=XP P+DVP/DELTY
VPACP=VPACP+DVP
30 TO 129

YIELDED BUT UNLOADTNG
RODY1=0
RESIDJUAL ELONGATION, RE

IF (IELCS.HNE.1) GO TO 125

SLEND=60./RATIO

IE=0.0175% (0.55*X3RE/SLEND+C.DN02*X3IRE % ¥2)
RE=RE*FL/DELTY

P P={PP+RE

IELOG=0

{3RE=XPP-PFAC
30 TO 30

C3ECK FOF COMPLETTION CF CYCLE

FACAC=FACAC+FACTOR
I[F (FACAZ.LT.J.99¢9999) G TO 29

NEW FORCE, UNBALANCED FCRCE DUE TO YTELD

FTOT(2)=SEP

FTOT(1) =-SEP

FIUB=SLIN-SEP

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

ACCOMULATE EXTENSTOY ENVELOPES

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

IVENP=TINME

30 T2 190
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IF (VENN.LE.VTOT) GO TC 199
VENN=VTOT

TVENN=TIME

CONTINUE

SET INDICATOR FOR AXIAL STIFFNESS CHANGE

K5T1=0
IF (KJDYX1.NE.KODY1) RST?1=?

FLEXURAL STATE DRTERMINATION
LINEAR MOMENT INCKREMENTS

SALL BAT)

BML (1) =BMEP (1) +DBM (1)
BAL (2) =BYEP (2) +DBY (2)
BMEL(1)=B1TOT (1) =BMEP (1)
BMEL(2)=B1TOT (2)~BMEP (2)

IRACE OUl NONLINFAR PATHF ONW M-P SORFACE

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

PLASTIC HINGE ROTATIONS

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

DPR(2) =DVR (2) +PB12*DVR (1)

30 TO 280

DPR (1) =DVR (1)

DPR (2) =DVR (2)

KFAC=0
D3 320 IEND=1,2

ZLASTIC, SET FACTOR FCR STATIHS CHANGE

IF (KODY(LEND).NE.N) GC T 310

IF (DBM(IEND))290,320,300
FAC=(BMY(LEND,2)~BMEP (TEND)) /DBM(TEND)
IF (PAC.SE.FACTOR) GO TO 320
FACTOR=FAC v
BBMY=BMY(IEND,Z2)

KFAC=TEND

30 TO 320 , : . .
FAC=(BMY(IEND,1)-B4EP (IENTD))/DEM(IEND)
I[F (FAC.GE.FACTOR) GO TO 320
FACTOR=FAC

BBMY=BUY(IEND,1)

KFAC=IEND

30 T0 32)
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CONTINUINS TO YTELD - PCSITIVE FLASTIC WORK
IF (BMEP(I END)*DPP(IEND) .G¥.0.) GO TO 320
JNLOADINS - PLASTIC WCRK NEGATIVE

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

CONTINUE
JPDATE MOMENTS AND HINGE ROTATIOCNS

D) 363 IEND=1,2

IF (IEND.EQ.KFAC) GO TC 350

IF (KODY(IEND).NE.0) GO TO 330
BYEP (I END) =BMEP (TEND) +FACTCR*DBM (T END)
30 TO 360
JPPR=FACTOE*DPR (IEND)

PRTOT (IEND) =PRTOT (TEND) +DPPR
IF (DPPR.LT.0.) GO TO 340
PRACP (IEND) =PRACP(IFRNTD) +DEPR
30 TO 36)

PRACN (IEND) =PRACN(TEND) +DPER
50 TO 36)

BMEP(IEND) =BBMY

KRODY(ILEND) =1

CONTINUE

CHECK COMPLETION OF CYCLE
FACAC=FACAC+FACTOR :

IF (FACAC.GT.D.S9€99) GC TC 370
CALL BM13

KBAL=1

332 TO 252

YIELD MOMEWTS FCR NEXT STE?®
CALL YM0410

ciECK FOR OVEKRSHOOT OF M-E SURFACE

. D3 420 1EWD=1,2

380

390

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

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

KBAL=1

33 TO 420

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

KBAL=1

30 TO 420

[F (BWEP([END).LT.BﬂY(TFND,1)*C.QQ.AND{BKEP(IEND).GT.BHY(IEND,Z)*0
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1.98) XODY(IEND) =0

32 TO 42)
IF (BMEP(IEND) .LE.BMY(IEND,1)) GO TO 410
BMEP (LEND) =BMY (IE¥D, 1) .

KBAL=1

X3DY (I ENDy =1

33 TO 429 4

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

KBAL=1

XD DY (IEND) =1

SINTINUE

ELASTIC AND TOTAL FORCES

BBMTOT (1) =BMTOT (1)

BBMTOT (2) = BMTOT (2)

BYTOI (1)=BMEP (1) +BMEL (1) + (FK11*DVR (1) +EK12*DVR (2)) *PSA
BYTOT (2) =BMEP (2) +BMEL (2) + (EK12*DVP (1) +EK22*DVR (2) ) *PSH
D5 F=(BATOT (1) -BBMTOT (1) +BATOT (2)-BBMTOT (2) ) /FL

SPTOT (1) =SFTOT (1) +NSF

SPTOT (2) =SFTOT (2) -DSF

UNBALANCED LOADS DUE TO YIELD

BMIUB=0.

BMJUB=0.

I? (KBAL.EQ.0) GO TO 430
BATUB=BML(1)~-BMEP (1)

‘BMJUB=BMAL( 2) ~BMEP ( 2)

DEFORMATION RATES FOR DAMPTNG

IF (DFAC.EQ.0.0.AND.DELTA.F2.9.6) GO TO 460

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

KBAL=1

DV AX=COSA*® (VELY (8) =VELM (")) +STNA® (VELN (5) - VELM(2))

RIT= (:INA*(VELM(Q)-VEIH(1))*COSA*(VELH(2) VEL!(5)))/FL

DVR (1) =VEL M (3) +ROT
DVR (2) =VEL ¥ (6) +ROT

BETA-J DAMPING

IF (DFAC.EQ.0.) GO TO 05“

FAC=DFAC* ( 1.+2SH)

BMIUB=BMIUB+ (EK11*DVR (1) +FK12%DYR(2))*FAC
BMJUB=BMIUB+ (2K 12* DVR (1) +EX22*DVR (2) ) *FAC

FOUB=ZAL*DVAX*DFAC+FOUB

STRUCTURAL DAMPING LO2D

IF (DELTA.EQ.D.) 30 TC 460
SDMI=DELTA*ABS (BMTOT (1)) *STGN(1.,DVR (1))
5DMJ=DELTA*ABS (BMTOT(2)) *SISN(1.,DVR (2))
SDFO=DELTA*ABS( (FTOT (2) =FTCT (1)) /2.) *SIGN(1.,DVAX)
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BAIUB=BMIJB-SDMI+SDACT (M)
3% JUB=BMJUB-SDMJ+SDACT (2)
FJUB=FQUB~-SDFO+SDACT (3)
SDACT (1)=SDHMI
SDACT(2)=SDMJ

SDACT (3)=SDFO

SET UP UNBALANCED LOAL VECTIOR

IF (KBAL+3IBAL1.FQ.0) GO TO 470
KBAL=1

SPUB= (BMLUB+B1JUB) /FL

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

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

DD (3) =BMIUB

DD (4) ==DD (1)

DD (5) ==DD (2)

DD (6) =BMJUB

EXTRACT ENVELOPES

DO 490 I=1,8

S=BMTJIT(I)

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

TENP(L)=TIME

I[P (S.GE.SEMNN(I)) GO TO u49C
SENN(I)=S ,

TENN(I)=IIME

SONTINUE

PRINT TIME HISTORY

I[F (KPR.LT.Q) GO TO S00
IP (KPR.EQ.0.OR.KOUTDT.EC.T) GO TO 540
IF (IHED.4E.0) 6O TO 520
KX PR=T ABS (KPR)
PRINT 5?0, KKPR,TIME
FORMAT (///18H RESNLTS FCR GROUP,I?,
‘ 338, END MOMENT-RICXLING ELEMENTS, TIME =,F8.3///5X,

7%,5HAXIAL,12X,23HETASTIC HINGE ROTATIONS,
15X, SHAXTAL /SX,
594 NO.,4¥X,4H NC.,3X,5H CODE,6X,7H MOMENT,7X,SHFORCE,

NOUNMEWN=

3X,10HYIFLD CCDE, 3X,94EXTENSTION/)
[HED=1

PRINT 533, TIMEM,(NOD(I),RODY(I),BMTOT(T),SFTOT(T),FTOT (I),PRTOT (I)

1,PRACP (I), PRACN (T) ,T=1,2) ,X0DY 1,VTOT
FORMAT (15,18,17,3%,3F12.2,3X,3F12.5/

1 ¢y,18,17,3%,3F12.2,3%X,3F12.5,I10,F11.5)
SET INDICATOR FOR STIFFNESS CHANGE

KST=0

SH ELEM, U4X, 44NODF,2%,70HFLX. YTFLD,?X,7HBENDING,7X,5HSHEAR,

7¢, SHFORCF, 8X, THCURRENT,4X,¢HACC. POS.,3¥,9HACC. NEG.,
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TF (KJDY((1).NE.XODY (1) .CR.XODYX(2).
I? (KST.ED.0.AND.KST1.HE.Q) KST=1

JPDATE INFCRMATIOM IN CCHS

DI 550 J=32,88
COMS(J) =COM (J)
CONS(2)=C0M(2)
D) 56) J=141,167
2OHS(J) =COM(J)

RETURN
END

M

i e

KODY (2))

RST=1
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SUBROUTINE OUT10 (/COMS/,/NINFC/

ZOANON /INFEL/ IMEM,KST,LH(6),KGEOM,FL,COSA,SINA,A(2,5),BK11,
EX22,FK12,ESH, TAL, EX11d, EK22H, KODYX (2) ,
KODY (2) ,EMTCT (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) , NODT, NODJ, KOUTDT,PR12,PR21,
PMX(3,2,2),A1{4,2,2),A2(4,2,2),
PFAC,RATTO,DELTY,XCDYX1,KODY1,XPP,X3BE, EAL1, EALY,
FAL6, EAL7,EALS, X5,Y5,P5,%6,X5D,Y5D,P5D, ITNDRE,
IVRTX ,TELCG,VTOT,XTOT ,VPACP,VPACKN,VENP, TVENP, VENN,
TVENN,PYP,PYN,PYNC,REST (30)

VONONEWN

DIMENSION COM(1),COMS(T)
EQUIVALENCE (IMEN,COM(T))

ENVELOPE OUTPUT, END MOMENT-BUCKLING ELEMENTS

33 17 J=1,NINFC
10 COM(J) =CIO4S (J)

IF (IMEM.EQ.1) PRINT 20
20 FIRUAT (33H END HOMENT-BNCKLING ELEMENTS (TYPE 10)///
S4 ELEY, 3%, UHNODF, *74, THRENDING, 14X, SHSYEAR, 14X ,SHAXTIAL,
13X ,8HPL HINGE,7Y¥,14H MAY. AYIAL/
SH NC., 3K, 8H NO.,?7X,7H MO¥®NT,3X,4HTIT™T,7X,SHFORCE, 3X,
44rIme,7X,5HFORCF,3¥,8HTTAT,6Y, AHROTATION, 3X, 4HTINE,
5K, SHEXT ENSTON, 3X,UHTTIME)

-

N & WK

>R INT 30, IMEM,NODT, (SE¥P(T),TENP(I),T=1,7,2),YFTNP,TVENP, (SENN(I),
1TENN(L) ,I=1,7,2),VENN,TVENY,NODJ, (SENP(I), TENP(T),I=2,8,2), (SENN (I
2) , TENN(I),T1=2,8,2) '

30 PORYAY (I4,TI7,5X,RHPOSITTVE,3(F12.2,F7.3),2(F14.5,F7.3)/
1 16X ,8ENEGATIVE,3 (F12.2,F7.3) ,2(T14.5,F7.3)/
2 7%, T4,5X,8"POSITTVF,3(F12.2,F7.3) ,F14.5,F7.3/
3 15X, SHNEGATIVE,3(F12.2,F7.3) ,F14.5,F7.3/)

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

ZO)MMON /INFEL/ IMEM,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,6),BK11,

FX22,EBK12,PSH, EAL, EK11H, EK22H, KODYX (2) ,

FODY (2) ,BMTOT (2) ,SFTOT(2) ,FTOT(2) ,PRTOT (2) ,SENP (8),
SENN(8) ,TENP(8) ,TENN(8) ,PRACP(2) , PRACN(2) ,BAEP(2),
SDACT (3) ,BNY (2,2),NODI,NODJ,KOOTDT,PR12,PR21,

PMX (3,2,2),A1(4,2,2),A2(4,2,2),

PFAC,RATIO, DPLTY,XODYX1,K0ODY1,XPP,X3RE, EAL1, EALY,
EAL6,EAL7,EAL8, POUT (S 1)

FORM AXIAL STIFFNESS

KY¥=KOD+1

30 O (12,20,30,40,50,60,70,80,9C, 100) ,KYY

STIP=EAL
32 T2 119
STIF=EAL1
5 TO 110
SITF=EAL
33 TO 110

STIF=0.031*EAL

30 TO 110
SIIF=EALY
30 TO 11)
STIP=EAL
53 T2 11d
SIIF=EAL®S
30 TO 110
SPTF=£AL7
33 T2 1715
STIF=EALS
30 TO 110

STIF=3.031*EAL

RETURN
END
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SIBROUTINE LAW1Q

ZIMMON /INFEL/ IMZM,KST,1Y(6),KGEOM,FL,COSA,SINA,A(2,6),EK11,
FK22,FK12,PSH,EAL, BK11H,ER22H, KODYX(2),
KODY (2) ,BMTOT (2) ,SFTOT (2), FTOT (2) , PRTOT (2) , SENP (8),
SEWN (8) ,TFYP(8) ,TENN(8) ,PRACP(2) , PRACN(2) ,BMEP(2),
SDACT (3) ,EMY (2, 2) ,NODI,NODJ,KOOTDT,PR12,PR21,
PMX (3,2,2) ,A1(8,2,2) ,A2(4,2,2), .
PFAC,RATIC,DELTY,KODYX?1,KODY1,XPP,X3RE, EAL1, EALU,
FAL6,EAL7,PAL8,X5,Y5,P5,X6,X5D,Y5D,PSD, INDRE,
REST (4 4) .

SENERATE P-DELTA HYSTERESIS CURVE
RESTIDJAL ELONGATIOY, PE

SLEND=60./RATIO
RE=0,3175% (0. SS*Y3RE/STEND+0.0002%X3IRE**2)
RE=RE*FL/DELTY

XPP=XPP+RE

XPP1=1.+KPP

BETA=1./3.

DENOM= (XPP 1-X3RE) + (1. +PFAC) /BETA
XN UMR= XPP-X3RE-PFAC
{5=RAT IO*X NUMR/DENOY
X5=XP2-YS5S/BETA

SLOP4= (Y5+ PPAC) /(X 5= X3RF)
EALU=EAL*SLOPY

SLOP8= (1.-Y5)/ (XPP1-X5)
EAL8=EAL*SLOPS
X6=X5-¥5-P FAC

XPP={PP~-RE

RETURN
END
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SUBRIUTIKE VRTX10 (/FACAC/,/DVAX/,/SEP/,/TIME/)

AYTIAL STATE DETEBMINATICN IN TENSTON AND VERTEX REGIONS

ZJMMoN /INFEL/ IMFM,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,5),EK11,

INITIALIZE

FACAC=0.

FACTOR=1.-FACAC

KODYT=KODY 1+1

EX22,EK12,ESH,EAL, EK11H, EK22H, KODYX (2),
KODY (2) , BNTOT (2) , SFTOT(2) ,FTOT (2) ,PRTOT (2) ,SENP (8),
SENN (8) ,TENE (8) ,TENN(8) , PRACP (2) , PRACN (2) ,BNEP (2) ,
SDACT (3) ,BEY (2,2),NODI, NODJ,XOUTDT,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,BAL8, X5,Y5,P5,X6,X5D,¥Y5D,PSD, INDRE,
IVPTX,TELOG,VIOT,XTOT ,VPACP, VPACN, VENP, TVENP, VENN,
TYENN,PYP,PYN,PYNC, REST (30)

IF (KJDYI.EQ.10) KODYI=#
52 O (27,30,40,50) ,KCDYT

JN SLOPE ), ELASTIC, GET FACTOR FOR STATUS CHANGE

DSEP=EAL*DVAX

I? (DSEP)y 21,60,22
FAC=(PIN-SEP) /DSEP
IF (FAC.5E.FACTOR) GO TC 23

FACTOR=FAC
SEP=PYN
KIDY1=1

SENP(S)=-PYN
SENN (6)=PYN
TENP(5)=TL ME
FENN(6)=TINE
3 TO 60

FAC=(PYP-SEP) /DSFP
IF (FAC.GE.FACTOR) 50 TC 23

FACTIOR=FAC
SEP=PYP
K2DY1=9
32 T3 6¢

SEP= SBP*FACTOR*DS’P

30 TO 60

J¥ SLIOPE 1, G3T FTACTOR TOR STATUS CHANGE

DS 1=EALT1¢DVAX
IFf (EAL1.NE.Q)
KODY1=3
IVRTX=1

GO TO 34
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30 TO 80
IF (DS1) 31,60,32
BUCKLED BUT LOADING

KJDY1=2
30 TO 40

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

I[P (FAC.SE.FACTOR) 50 TO 37
FACTOR=FAC

SEP=PYNC

KODY1=3

JPDATE PLASTIC DEFORMATICN

VPACN=VPAZN+FACTOR*DVAX
30 TO 70

SEP=SEP+FACTOR*DS1
JPDATE PLASTIC DEFORMATION

VPACN=VPACN+FACTOR*DVAX
50 TO 60

ON SLJDPE 2, GET FACTOR FOR STATUS CHANGE

DS2=ZAL*DVAX
IF (0S2) 41,6G,42

BICKLING AND CONTTNUINGC

KODY1=1
50 TJ 30

30CKLED BUT LOADING

FAC=(PYNZ-SED) /DSZ

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

SEP=PYNC

K2DY1=3

30 T 70

SEP=SEP+FACTOR*DS2
30 TO 6C

JN SLOPE 3, TENSION YIELDING

IF (DVAX.LT.0) GO TO 51
DVP=FACTOE*DVAX



naa

51

60

70

80

anan

90

100

110

95

XPP=XPP+DVP/DELTY
VPACP=VPACP+DVP
30 TO 110

Y{IELDED BUT UNLOACING

K2DY1=0
X3RE=XPP-PFAC
30 TO 20

FACAC=FACAC+FACTOR
1P (FPACAC.LT.0.9999999) GC TO 10
KETHURN

FACAC=PACLAC+FACTOR
IVRTK=1

PHI=PYNC/PIN

AJIDIFY THF SLGPES O7 4 STGMENTS ON M-P CURVE IN COMPRESSION
DI 90 K
03 S0 J

'2
'2
93 99 I=1,2
A1 (I,J,K) =A

1
1

1(1,J,K) /PRT

D3 100 XK=1,2
93 16 J=1,2 .
PYX(1,J,K) =PHI*PMX (1,J,K)

RETURN
END
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PIRM 2*2 FLEXURAL STIFFNESS

SONMON /INFEL/ IMEM,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,5) ,EK11,

PK22,EK12,PSH, EAL, EX11H,ERK22H,REST (169)

DIMENSION ST(2,2),KOD(2)

/
KZY=KOD (1) +2%K0D(2) +1
33 TO (12,20,30,80), KYY
ST (1,1)=EK11
ST (2,2) =EX 22
ST (1,2)=EK12
30 TO 60
ST (1,1) =3.

ST (2,2)=EX22H
32 TO 50

ST (1,1)=EX 114
ST (2,2) =0.

30 T2 50

ST (1,1)=0.

ST (2,2) =).

ST (1,2)=7.

ST (2,1)=ST (1,2)

RETURN
END
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SUBROUTINE BM1C

END MOMENT INCREMENT

Z)MMON /INFEL/ IMENM,KST,LY(6) .KGEOM,FL,COSA,SINA,A(2,5),EK11,

EX22,EK12,ESH,BAL, EK 114, ER22H,
KODY(2) ,PEST(165) '
ZOMNON /WORK/ DVR(2),DPR(2),DBN(2),W(1994)

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

30 TO (12,20,30,40), RYY

DBM () =EK1 1#DVR (1) +EK12*CVR (2)
93 M (2).=EK12*DVR (1) +EK22*CVE (2)
30 TO 50

DBM (1) =0.

DB M (2) =EK22H#DVR (2)

32 T9 SO0
D3M(1) =EX1 1H*DVR(1)

DBY (2) =0.

33 TO 50

DBM (1) =0.

DBM(2) =0.

RETURN
END

KODYX(2),
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SIBROUTINE YMONM10
{IELD MOMENTS FOR CURREWT AXIAL FORCE

SIMMON /INFEL/ IMEN,KST,LM(6),KGEOM,FL,COSA,SINA,A(2,6),EK11,
EK22,BK12,PSH, FAL, EK11H,EK22H, KODYX (2),
KODY (2) , BMTCT (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),NODI,NODJ,KOUTDT,PR12,PR21,
PMX (3,2,2),31(4,2,2),A2(4,2,2) ,POUT (63)

FACC=-1.

DO 3) IEND=1,2
FFT=FTOT (L END) *FACC

PACC=1.

FAC=1.

53 37 J=1,2

FAC==FAC

NI 12 1=1,3

IF (FFT.LT.PMX(I,J,TEND)) GO TO 20
ZINTLNUE

I=4 '
BBMY=A2(I,J,IEND) -A1(T,J,TEND) #*FFT
IF (FAC*BBMY.GT.0.) BEMY=0.

BMY (TEND, J) =BBMY

FAC=-BHMY (1, ")

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

BMY (1, 2) =FAC

RETURN
END
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