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ABSTRACT

Elements EL9 and EL10 are general purpose programs for

steel members subjected to cyclic 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

considered 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
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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 lb), tension-yield and compression-

yield (Figure lc), or tension-yield and compression-

buckling (Figure ld). 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 lf), Prathuangsit

(Ref. 14), Singh (Ref. 15, Figure lg), Wakabayashi (Ref. 17),

and Marshall (Ref. 10, Figure lh) 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 (ELl0) 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.
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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 ELl0 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, INELl0: Input and initialization of

element data.

2. STIF9, STIFI0: Calculation of element tangent

stiffness at different time steps.

3. RESP9, RESPl0: Determination of increments of

element deformations (strains) and forces (stress-

es), determination of yield status, and output of

time history results. This may be called as

"state determination phase".

4. OUT9, 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 EL9 and ELIO 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

-I--
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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 ELl0, 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 (15) presented a multilinear hysteresis 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 experimental hysteresis

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 parameters, yet, retains the simplicity of

Singh's model.

The buckling model is described in the following

section. Tension load 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). If 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 P for the member which is significant-

ly higher than the buckling load Pyc used for subsequent

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, Pync. However, if the direction of axial displace-

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 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'. ESE" 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 The coefficients used in this

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 LAW9.

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 changed along DF" the member

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

at point H, it follows segment EI (code = 5) which is paral-

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

compressive load P in the first cycle. The load P
yn yn

can be calculated by using AISC equations (3,16). Data

obtained in Reference 3 suggests that the strength re-

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

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:

dr1

dr

dv = [-L-L L2.2
dr

3

dr4

or, {dv} = [a] {dr} 2.3

Large displacement effects are not taken into ac-

count. X, Y 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

ETAdS = LT dv 2.4

or, {dS}= [kT] {dv} 2:5

where, ET = tangent modulus in current state, and A =

element cross sectional area.

The tangent stiffness in terms of nodal displacements

is

[KT] = [a]T [kT] [a] 2.6

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

The geometric stiffness in the element coordinates

dw and dw2 is (Figure 6):

11 -2
[kG] = i 12.7

or, in terms of nodal displacements

[KG] = [a1] T [kG] [a 1] 2.8

where, [a1 ] is given by

dr1

dwl L L 0 0 dr2

dw2 L L dr3

dr4

= [a1] {dr} 2.9
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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 i 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 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 E9 (b) .

16 - 20: Number of different fixed end force patterns

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

E9(b) . STIFFNESS TYPES

Columns 1 - 5:

6

16

26

36

46

56

66

- 15:

- 25:

- 35:

- 45:

- 55:

- 65:

- 75:

(I5, 7F10.0) - ONE CARD FOR EACH STIFFNESS TYPE

Stiffness type number, in sequence beginning

with 1.

Young's modulus of elasticity.

Average cross sectional area.

Tension yield force, P
yp

Compression yield force, P (first cycle)

Radius of gyration

Effective length factor

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 system, as in

Figure 7b.

Clamping force Fi.

Clamping force V .

Clamping force F . .
J

Clampingt force V..
J

Columns 11 - 20:

21 - 30:

31 - 40:

41 - 50:

E9(d). ELEMENT GENERATION COMMANDS (9I5, 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 1 - 5: Element number, or number of first element

in a sequentially numbered series of elements

to be generated by this command.

6 - 10: Node number of element end i.

11 - 15: Node number of element end j.

16 - 20: Node number increment for element generation.

If zero or blank, assumed to be equal to 1.

21 - 25: Stiffness type number.

30: 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.

35: Time history output code. Tf a time history
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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 Dl, is required, punch 1.

Colums 36 - 40: Fixed end force pattern number for static

dead loads on element. Leave blank if

there are no dead loads. See note below.

41 - 45: Fixed end force pattern number for static

live load on element. Leave blank if there

are no live loads.

46 - 50: Scale factor to be applied to fixed end

forces due to static dead loads. Leave

blank if there are no dead loads.

51 - 55: Scale factor to be applied to fixed end

forces due to static live loads. Leave

blank if there are no live loads.

56 - 65: Initial axial force on element, tension

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 (ELl0)

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 element

EL9. 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 ELl0. It is believed that the axial force-

end moment interaction as modeled herein should be

adequate for practical applications.

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 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 values.

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 DEFORMATI ONS

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:

dr

dv1  - X/L - Y/L 0 X/L Y/L 0

dr2

dv2 2 X/L2  1 Y/L2  - X/L2  0 d 3.1
dr3

dv 3  - 2 X/L2 0 Y/L2 - X/L 2

0 dr4

dr 5

dr6

or, {dv}= [a] {dr} 3.2

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

dvp2 A B1 dv2[2 2 3.3

dv 3 f C Djdv 3



30

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 moment 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 EL9.

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 llb).

Once the axial load in the post-buckling range

becomes equal to Pync, the program redefines the four

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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Figure 12 - End Clamping and Initial Forces



33

at P .. When the axial load is either P (axial yield
ync yp

code = 9), P or P (axial yield code = 3), the member
yn ync

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

E, A
dS - L dv1

where, ET = tangent modulus in current state, and A =

average cross sectional area.

The elastic flexural stiffness is given by

3.4

dS Jk.. k. .dv
2 EI i ]2

= 3.5

d S k. . k .. dv
3 J3 J33 3

where, I = reference moment of inertia; and k. . , k. . , k . .

are coefficients which depend on the cross section vari-

ation. For a uniform element, I = actual moment of

inertia, k.. = k .. = 4, and k .. = 2. The coefficients
11 JJ 3J

must be specified 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 coefficients for

the elasto-plastic component change to k'., k'. and k'..,
11. 3J JJ

as follows:

k' . = k.. (1-A) - k. .C 3.6
iI ii 13

k'. = k. .(l-D) - k..B 3.7iJ 1J1- 11

k'. = k.. (1-D) - k. .B 3.8
JJ J3 13
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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 1 k. ./k.. 0 0
end i only 1j ii

Plastic hinge at 0 0 k /,k .. 1
end j only i0k 13

Plastic hinges at 1 0 0 1
both ends i and j

Note:
Stiffness Coefficients k.., ki., and k..

i i. J Ji
Equation 3.5

are defined by

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

Stiffness in term of nodal displacements is obtained

as

[KT] = [a]I [kT] [a] 3.9

where,, [a] is given by 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 end moment-

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 specified 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. In 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. Frequently, 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

shears for each beam are applied at the structure nodes

the accumulated loads on the columns may be unnecessarily

large. This could be compensated for by 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, yet 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 deformations.

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 12a.

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

OUT0.
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INPUT DATA PREPARATION

E10 . END MOMENT-BUCKLING ELEMENTS - ELl0

Number of words of information per element = 170.

E10(a) CONTROL

Columns

1

1

INFORMATION FOR GROUP (615) - ONE CARD.

1 - 5: Punch 10 (to indicate. that group consists

of end moment-buckling elements).

6 - 10: Number of elements in group.

1 - 15: Number of different element stiffness types

(max. 40). See Sections E0(b) and E10(c).

L6 - 20: Number of different yield interaction

surfaces for cross sections (max. 40).

See Section E10(d) .

1 - 25: Number of different fixed end force

patterns (max. 35). See Section El0(e).

6 - 30: Number of different initial element force

patterns (max. 30)'. See Section E0(f) .

2

2

E10 (b) . STIFFNESS TYPES (15, 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 k .
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Columns 51 - 55:

56 - 60:

61 - 70:

Flexural stiffness factor k .. .

Flexural stiffness factor k...

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).

71 - 80:

E10 (c) . INPUT RADIUS OF GYRATION, K AND PHI FACTORS (15, 3F10.0)

ONE CARD FOR EACH STIFFNESS TYPE

Columns 1 - 5: Stiffness type 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 INTERACTION SURFACES (I5, 4F10.0,

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

See Figure 10 for explanation.

Columns 1 - 5: Yield surface number, in sequence beginning

with 1.

6 - 15: Positive plastic moment, M+

16 - 25: Negative plastic moment, M
P-

26 - 35: Compression yield force in first cycle,

36 - 45:

46 - 50:

Pyn'

Tension yield force, Pv.

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 M
P-

61 - 65: P - coordinate of balance point B, as a

proportion of P .

E10 (e) . FIXED END FORCE PATTERNS (215, 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 sequence beginning with 1.

10: Axis code, as follows:

Code = 0: Forces are in the element

coordinate system, as in Figure

12a.

Code = 1: 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, Mi.

41 - 50: Clamping force, F .

J51 - 60: Clamping force, Vj.

61 - 70: Clamping moment, M..

71 - 80: Live load reduction factor, for computation

of live load forces to be applied to nodes.

E10 (f) . INITIAL ELEMENT FORCE PATTERNS (15, 6F10.0) - ONE CARD FOR

EACH INITIAL FORCE PATTERN.
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Omit if there are no initial forces. See Figure 12a.

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

6 - 15: Initial axial force, F..

16 - 25: Initial shear force, Vi.

26 - 35: Initial moment, Mi.

36 - 45: Initial axial force, F..
J

46 - 55: Initial shear force, V..
J

56 - 65: Initial moment, M..
J

E10(g). ELEMENT GENERATION COMMANDS (11I5, 2F5.0, 1I5, 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 1 - 5: Element number, or number of first element

in a sequentially numbered series of

elements to be generated by this command.

6 - 10: Node number at element end i.

11 - 15: Node number at element end j.

16 - 20: Node number increment for element generation.

If zero or blank, assumed to be equal to 1.

21 - 25: Stiffness type number.

26 - 30: Yield surface number for element end i.

31 - 35: Yield surface number for element end j.

40: 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.

45: 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 Dl, 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. 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 may be

used to check the execution of the DRAIN-2D program with

elements EL9 and ELl0 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 Service 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 ELlO in group 1, the beams are represented by

element EL5 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 IENPUT DATA

sikR~T TESL' EA&fPLE FOR~ MICHlIGAN4 EI9 AND ELIO ELEM1ENTS A
6 .6 1 2 1 3 B1

1 25Z.
2 360. 292.

" 3 148i. B2
4 360. 1 480
5
6. 480.
5 ? ? 1 6
1 2 1 2 B5
1 2 3 4
1___ 1.5 3 2 1. B6

1____ 100 0.01 575.6 1. ' . . 20. C1

41 IMiPULSE LOADING C3
0.03~ 1.0 0.10 2.0

c4
10 10 2 4 4
1 3 D
1 2 3 4

1 2 3 4
;0 4 2 2

1 2910 . ,3.01 49~.1 2020. 4. 4. 2.
c 2S00J. 0.01 3:5.0 1370. 4. 4. 2.
1 4.01 Q.7 a,

2375 0.7 0. u E10

1 10500. -1iJ~&C. -1700. 1770. 1. 0. 15 1. 0. 15
2 7600. -7600. -- 1200. 1275. 1. 0.15 1. 0.-15
1 74. 1825. 74. -1825.
21 -72. 1728. -7_. -723.
1 5 3 1 1 1 1 1 1 1.5

S 4 .6 1, 1 1 1
3 3 1 2 2 2 1 1 2 1.25

1 2"00). 3.05 41.8 34 0. 4. 4. 2.
1 12656. -12850. E5
2 40000. -40300.
1 c 0. 5400. 50 . -5400.
1 3 u 1 1 2 1
2 1 2 1 1 1 1 1 1.5

S2 2
1 2903. 17,' 350. -250. 2.45 0.';+i .55
2 30000. 15.6 300. -200. 1.c0 1,:00 0.3?5 E9
1 5 4 1 .1 1 5) .

S 32 I40
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APPENDIX A-1

FORTRAN LISTING OF BUCKLING ELEMENT EL9
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S(BRJUTINE INEL9 (/KCCNT/,/FCONT*/,/NDOF/,/NINFC/,/ID/, /X/,/Y/, /NN/

C
D32M3N /TNFEL/ IMFM,KST,LN (4),KGEOil,EAL.,FL,COSA,SINA,PFAC4RATIO,

1 DELTY ,KODYX,KODY,XPP,X23RE,EAL1,EA.L4,EAL6, EAL7,EAL8,
2 X5, Y5,P5,XE ,X5D 1 Y5D ,25D,INDRE,IVPTX,
3 IELCG,SEP,VTOT, XTrT ,VPACP,VPACN,V ENP, TV ENP, PEIN ,
4 TVF!N, SEP, TSFN P,SENN,TSENN ,SDFO, NODI , NODJ, KOUT DT ,
5 PYP,PYNrPYNJC,REST (147)

:JMMON /43RK/ FTYP (40,7) ,FEF(40,14) ,FDFEF(40) ,DD (4) ,GA (4,4$) ,
1 FFEF (4) ,SFF (4) ,SSFF (4) ,NM EM, NLBT, NFEF,SLOP, INEL,
2 INOD T, INODJ, INC, ITNC,TNMBT,II.MBT,KGN, IKDT,KFDL,
3 TKFD L, KFLI,T!(FLL, FDL, FFDL, FLL, FFT.L, FINIT, FFIMIT,
4 XL,YL,APE.A,fiAD,SLEND,V ('460)

C
DIMENSION KCONT() ,TD(NT,l)oX(-l)vY (l),COM(1)
DIMF&SICN AST (2) ,YESNC (2)
DATA A ST/2FH ,2:1 #e/
DATA r ESND/4H1 YES, 46 NO /

C
C ] ATA L N2Ur, BUCKL TNG EIF F.ENTS
C

NO OF=4
DfINFC=53

.EMIKCONT ( 2)
Ni sBT=KCONT (3)
N FEF= KCON r (4)

P'RINT 10, (KCNT(),T=2,4)
10 FO RIAr (27fH BUCK.I NG ELEMVITS (TYPE 9)//

"q ~H NO. CF ELEMENTS =I4/
2 25H1 NO. OF STTFrF3S T YPFS =T4/
3 25H NO. OF F.E.F. PATTERNS =1I4)

C
C IPPtT STIFFNESS PEOPERTTFS
C

PRINT 20
20 F3RIAT (////16H STIFFNESS TYPES//

1 :-;H TYPE,6X,711 YCTNS,6X,BH SECTION, 3x,
2 151ET YTELD 'FOPCEi, i0 x, 0 '{ PT)AIT1S OF,5X,
3 12H EQU. tENGTH1,5X,19r1 STPFNGTHI REDUC'TON/
4 5H NO. ,X,8Hf. -MDULUS, X,711 APEA ,5X,
5 31i TINSION,5X,RH COMPN ,6x,9F8 GYPATION, 4X,

6 1211 COEFFICIENT,9X,7H FACTOR/)
C

0) 50 IT=1, IMODT
PFAD 30, r, (FTYP(IT,J) ,J=I,7)

50 PRINT 40, IT, (FTYP (TT,J) ,J=1,7)
30 FORMAT (I5,f7F10.01
40 F3R '1A (I41 E4. 406F13.2)

C
C FIXED END FORCE PATTERNS
C

[F (NFEF. EQ.0) GO TO 100
PRINT 60
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60 FJR'MAr (////25H FIXED ENC !FORCE PATTERNS//
1 31 PATTEPN,3X,4HAXIS,2 (7X,5HAXIAL,7X,5ESHEAR)/
2 3 NO. ,.3X,(HCOE,2 (7X,5UAT I) ,2 (7Y,5HAT J)/

C
D3 90 NF=1 ,NFT?
READ 70Of I ,KDFEF(NF) , (FEF (NF,J) ,J=1 v4)

70 F3RMAT (21 5,4F1 0.0)
80 FORMAT (16,1I8, 1X, 4F12.2)
90 PRINT 80, NF, KDFEF (vF) ,('FEF (NF,J) ,J=1, 4)

C
C ELEM1ENT DATA
C

100 PRINT 113
1 1 0 ,) RSAT (////22EH FLE 1EN S PECIFT CATION//

1 3X,4 &HELEM,3X,4flNOD?,JX,LINODE,2X,4HNODE,2X,L4STIF,2X.
2 4H EO',2X,L$HTIME,3X, 12HFEF PATTFRNS, 3X(,17HFEF SCALE FACTORS,
3 5X,71INITIAl./
4. 3X,4H NO. ,3X,14H I ,2X,4H J ,2X,4HDIFF,2X,LHTYPE,21,

5 4H~rIF,2X,L&RIST,3X,12H DL LL ,3X,17HT DL LL
6 5 X7H FORCE I

C
K3OYX=O
K3DY=O
KST=O

23123 J=19,47
120 CO M(J)=0.

t iEM1
130 READ 140, INELeTNODI,INODJ,IfINC,III[BT,IKGM1,IKDT,IKFDL,.IKFLL,FFDL,F

1FLL,FF INIr
140 FORMA(9I,2r5.O,F1O.0)

IF' (I NEL.rJ. I ME M) GO TO 170
150 NODI=INODI

N J)DJI NODJ
I N C=IINC
IF (INC.E2.3) INC=1

K3EFO! IK 1
K) tTDTIKDT
Y,4G=(ESNO( 2)
IF (KOEO~. NE. 4) YNG=YESNC (1)
YNT=YESNO (2)
IF (KO TDT. NE.0) YNT=YESNC (1)
KFDL=IKFOL
KFLLI KFLL
FDL=FFDL
FLL=FFLL
Fl NITFFIlH IT
ASTTAST(1 )
IF (INEL-t EM) 13, 170,13O

C
160 I)DI=N ODT*INC

ND DJ=NODJ'- INC
ASTT=AST( 2)
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C
170 PRINT 183, ASTT,I.'EvNODT,ODJ,INC,T!BT,YNG,YNT, KFDLKFLL,FDLVFLL,

1INII
180 F3RM Ar (A2, I4, I7, 3I6, 3X,A 4,2X,A 4,7,16, F11. 2,F10. 28F1 1. 2)

C
C LOCATION I ATRIX
C

DJ 190 L=1 j2
L:1 (L) =ID(N1ODI,L)

190 (A (L2)=ID (ODJ,L)
CALL BANDS

C
C ELEM ENT PROPERTIES
C

KL=X (NODJ) -x (NODI)
YL=YUN0DJ) -Y(tNODI)
FL =S2RT (XL **2+YL** 2)
CO SA=X L/FL
StINA=YL/FL
AREA=FTYP (I!iBT, 2)
EAL=FrYP(IMBT, 1) *AREA/FL.
PYP=FTYP?(E I B 3)
P N=ABS ( TYP (T !BT, 4))

2PI=FTYP (I MBT,7)
2Y NC=PRIE4'Y N

R AD=ETYP(r MBT,5)
AK=Ffl P(VI BT, 6)
SLEND= AK*FL/RAD
PE' ACA BS (2 YNC/PYP)

E4 L1SLOPI *EAL
S3 RE= - PFA.C

3 A TIO =60. 0 /SL ENDJ
DEITY=PYP/EAL

C
C LOADS DUE TO FIXED END FCPCES

C
3SFEFO.
IF (KFDL*KFLL.EQ.O) GO TOc 310
DO 200 I=1 , NDO F
DO 200 J=1,&NDOF

2003A (I, J) =.

3A (1,2) =Sr&NA
3A (2,1 ) =-SINA
iA (2, 2) =OSA
& (3,3) =:OSA

JA (3, 4) =SNA

3A (4, 4) =:OSA

DO 2 0 I=FF (I) =0.
210 SSFF(t)=0.

IF (KFDL. F:Q.0) GOf TO 25(
DO 22) 1=10,4
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220 FFEF(I) =FEF (KFDL4I) *FDL
IF (KD FEF (KFDL) . EQ.)") GC TC 230
CALL MULr (GA, FFEF,SFF,L4,4,I)
"s0 TO 25 0

230 DO 240O I=1,~4
240 SFF (I) =FFFF (I)

c
250 IF (KFLL. EQ.0) GO TO 290

DO 263 1=1 ,4'
260 FFEF(I) =FEF (KFLL,I) *FLL

IF (KD FEF (KFLL) . EQ.0O) GC TC 270
CALL dULr (GA,FFzF, SSF,4, 4,1)'30 TO 290

270 0:) 283 I=1 ,4
280 SS FF (I) =FFEF (I)

C
290 DO 300 I=1 ,4

300 33FF (I) =SSFF(I) fSFF (I)
C-

CA LL MiULrr (GA, SSFF, DD,.4,,1)
ZALL SFOZE -(DD)

c
c INITIALIZE ELEMEFNT FOR~CE
C

SF EF= ( SSFF (3) -SSFF (1) ) *0.5
310 FF=FINIT+S FEF

S EP=FF
r F (FI NIT.LT.. 0.) '30 TO 320
S ENP=FINTr
SN=.
30 TO 330

320 SENN=F'INIT
SENP=O.

c
330 rALL FINISH

c
c SENERPATE I ISSING ELEMENTS

c
IF (IK Eij. EQ. N EM) :ETU;?N
L1EM=IE i +1IF (IM EM. EQ. INE L) GO ' To 150'
30 TO 160

c
EN(D
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3J BROJTINE STIF9 (/!STP/,/4DOF/,/NT FC/,/CCMS/, /FK/,/DFAC/)
C

COMO /INFEL/ IMEM,KST,L1 (4),KGOt,EAL,FL,COSA,SINA,PFAC,RATIO ,
1 DEL TY, KODYX,K.ODY,XPP,tX3PE,EALI ,EAL4,EAL6,EAL7,EAL8,
2 X5,Y5,P5,X6 ,XSD,Y5D,P5D,INDRE,IVRTX,
3 IEL0(,SEP , VOT, XTOT ,VPACP, VPACN, V E1P, TV ENP, VENN ,
4 VEN&,SEIP,TSENP,SENN,TSENN, SDFO, NODI,NQDJ, KOUTDT,
5 PYP, PYII,PYNC,REST (1 47)

~)MMON /WO RK/ STIF, STIFF, SST (2,2) .AA (2, 4) ,AATK (4, 2) ,FFK (4, 4) ,
1 W (19 62)

C
DIMENSION COM (1) ,CO S ( 1 ) OFFK(40 4)
EQUIVALENCE (I~lENC0O1 (1) )

C
C STIFFNESS FORMULATION, BUCKLINIG ELEM ENTrS
C

DO 10 J=3, 23
10 C m(J) CO' s (J)

C
C :URRENT STIFFNESS

C
JA LL EST9 ( STIF ,KO DY)

C
C P 3EVI O US STIFFNESS
C

[F ("!STEP. LT.2) Gr TO 20
CALL FST9 (STIFFJFODTX)

C
C STIFFNESS DIFFEPrN CE
C

STIF=STIF- STIFF
20 FK (1, 1 )=srIF*coSA**2

FK (1, 2) =STF*SINA*COSA
FK (1,3)=-FK (1,1)

FK( (2,2) =SrTF*SINA**2
FK (2,3) =F{( (1,4)

FK (3,4)=FK (1, 2)
FK( (4, 4) FK (2,2)
DO 30 1=2,14
JJ=I-1
DO 30 J-1 ,JJ

30 FK (I, J) =FK (Jr I)
[F (MSTEP. GT. 1) GC TO 80

C
C [INITIAL STIFFNESS FOR STEP 0, BETA-0 ALLOWANCE FOR STEP
C

IF (MSTEP. EQ. 1) CC=DFAC
DO 40 I=1, 16

40 K (I, 1) =Fg(I, 1) *CC
C
C PADD -7EOMEI1VEC STIFFNESS
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c
IQ (MSTEP. EQ. 0. OR. GECN. FC.0) GO TO 8C
PFL=COI'S (3 4) /FL
DO 50 1=1 ,14

50 SS T(I, 1) = PFL
D3 60 1=1, 8

60 AAk(I,1)=.
AA (1,1)=-SINA
AA (1,2) =Z2SA
AA (2, 3) SI NA
A&A (2, 4) -O cSA
AlLL MULTST. (AA,SST,AATK,FF'K,4,2)

D3 70 1=1, 16
70 F K (I ,1 )=F K (1, 1) +FF K(IT,1)

c
80 ~RTURN

END0
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SJ BR3TIYE ERESP9 (/NDCF/,/NT &FC/,/KBAL/e/K?P/,/COMS/,/DDISM/,/DD/

C
COMMON /TNFEL/ TMM,KST,L (4),KGEOI,EAL,FL,COSA,SINA,PAC,RATTO,

1 DEL TYKODYX,KODY,XPP,X3RE 9 EALI ,EAL4,EAL6.EAL7,EAL8,
2 X5,Y5,P5,X6 ,X5D,Y5T,P5D,IND1RE,IVRTX,
3 IEL0G,SEP,VTOT,XTOT,VPACP,VPACN,VEt:P,TV ENP,VENN ,
4 TVFNN,SENP,TSENP,SENN,TSENN,SDFO,NODI,NODJ,KOUTDT,
5 PYP ,PYN.2PYNC,REST ( 4$7)

)JMI12N /wJFK/ EALF,DS L,DSEP,SLIFJ,FAC,FACT0R, FACAC,DSTIB,FY!RTX,
1 SLOP 6, SLOP7, DVP, DS4, DS5, DS6, DS7,058, POUT (1983 )

C

EQUIVALENCE (IME~y COM (1) )
C
c SP~ATE DEr E RINATI0 N, BUCKLING ELE"ENTS
C

DJ 10 I=1, NtNFC
10 -o t () =CZ S (I)

3 DYXKOKDY
rF (IMEN.EQ.1) THF.D O

C
C EXTENSION INCREMENT
C

DVAX=05A* DIM()-DTM() S'_1*(DS ()-DS 2

vr OT=VT~r+ DVAX
C
C LINEAR FOR~CE INCRE' JEfT
C

CALL FSTh (EALE,KO DY)
SLIM=SEP+'E ALE*DVAX

C
C INITIALIZE
C

FVRTXO.
C
C ZiECK VEFTEX STATE.
C

IF' (IVRTX.EQ.0) CALL VPTX9 (FVRTX,DVAX,TINE)
C

IF' (IVRTX. EQ.0) GC TO 120
C

F AC AC = FVRIrX
C

20 FkCTDR=1. - FACAC
NCO DYI= KODY +1
:.) TO (3, 120,'20, 40 9 50,6C,70,80,90,100),KODYT

C
C ON SLJFE 0, ELASTIC, GET FACTOR FOR STATUS CHANGE
C

30 DSEP=EAL«DVAX
IF (DSEP) 31,110,32

31 FAC=(PINC-SEP) /DSFP
IF (FA C. GE. FACTOR) GO TO 3
FACTOR=FAC
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SEP=PYNC
KO DY=3
30 TO 113

C
32 FAC=(PYP-'SEP) /DSEP

[F (FA C. S .FACTOR) GO TC 31
FACTOR=FAC
SEP=P2 P
KO DY9
30 TO 113

C
33 SEP=SEP+FA~CTOR*DSEP

3 TO 113
C
C )D( SLJPE 3. BUCKLING ANA' CONTINUING
C

40 IF (DVAX.-3T.0.) GO T1O 41

C
C JPDATE PLASTIC DEFORMATICNS
C

DYP=FACTOR*DVAX
~PACN=VPAZN+DVP
33 TO 123

C
C BUCKLING AND UNLOADING
C

41 IrOT= (VTOT-DVAX) /DELTY
IF (KIOT.IE.XJ2F) GO TO 42

C
C ESTABLISHJ NEW STIFFNESS FOP, REVERSE
C

K3RE= TOr
IEL03= 1
CALL L AW9
P5=Y5*PYP
KODY=4&

JO TO 50
C
C USE 3OLD 3IFFN1ESS FOR PEVF'7SE
C

42 IF (I NDE. EQ. 2. AND. XOT.tLE.X6) GO TO 43
1F(K(5 D- xrOT) . EQ. .) GO TO 44
3L026= (Y5D+PFAC)/(ViD-X"'CT)
E& L6=EAL*SLOP6
KODY=6
33 TO "70

C
43 SLO27= (Y5}PFAC) /(X5-XTOT)

EAL 7=E AL* S LOP7
KO DY=7
SO TO 80

441KO DY=5
33 To 60

C
C JN SL3'?E 4, GET FACTOR FCR STATTS CHfANGE
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C
50 DS4=EAL4*DVAX

IF (DS34) 51 ,1 10,54
51 IF (SEP) 52,52, 53
52 FC=(PYNZ-SEP) /DS4

IF (FAC.%E. FACTOR) GO TO 5
FA CTOR=FAC
SEP=P Y IBC
KO DY3
33 TO 113

53K 5 D=VI OT/D ELTY
75D=SE P/PY P
P5 D=SEP
LINDRE=1
KO DY=5
i0 TO 60

54 FAC=(P5-SFP)/DS4
IF (FAPC.E. FACTOP) GO TO 55
F AC TDR =FA.:
SEP=P5

-30 TO 110
55 SEP=SEPfFACTCEI*DS4

SO TO 31'13

C
C ON SLOPE 5, GET FACTOR 'CR STATUS CHANGE
C

60 DS5EL*DVAX
IF (DS5) 61,110,62

61 FAC= ('Y N SEP)/DS5
ItF (F&C. YE .FACTOR) GO TO 65
FA CTOR=FAC
SEP=PY NC
KODY=3
30 TO 113

62 FAC=(P5D-SEP)/DS5
IF (FAC. GE. FACTOR) GO TO 5
FACTOR =FAC
SEP=?5 D

iO TO (63,64) ,INDPE
63 KO DX(=4

30 ;O 110
b64 KODY=3

33 TO 113
65 SEP=SEP+FA~CTOR*DS5

33 TO 113
C
C ON SLO PE 6, GET FACTOR FCB STATUS CHANGE
C

70 DS6=EAL6*DVAX

IF (DS36) 71,110,72
71 FAC=(PYNO-SEP) /DS6

[F (FAC.3[ .FACTOR) GO Tr, 75
FA CTOR=FA-
SE P=PNC
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KODY=3
30 TO 11)

72 FA C= (P 5D- EP) /DS6
IF (FA C. 3E.?FACTOR) GO TC 75
FACTOR=FAC
SEP=P'5D
;D TO (73 ,7L4) ,I NDR E

73 KODY=4
33 TO 113

74 KODY=3
33 TO 113

75 SEP=SEP+FACTOR*DS6
33 T7 110

C
C DNI SLOPE 7, GEJT FACTOR FOR STATUS CTIANGE
C

80 03 7=EAL7* DVAX
L.F (DS7) 3,,110,82

8 1 FA C= (PYNC-SEP) /DS7
IF (FA C. GE. FACTOR) GO T0 8-3
FACTOR=FAZ
SEP=P! NC
K3 DY=3
33 TO 113

82 FAC=(P5-3EP) /DS7
IF (F&C.3E .FACTOR) GO TO 81
FACTOR=FAC
SEP=P5
[K0 DY=3
s3 TO 11:

83 SEP=SEP+FA CTO R* DS7
30 TO 113

C
C 3 N SLOPE 3 , GET FACTOR FOR STATUS CFANGE
C

90 DS8=EAL8*DVAX

91 K5 D=VTOT/D ELTY
Y5 D=SEP/PY P

I NDRE= 2
KODY5
33 TO 60

C
92 FAC=(PYP-SEP)/DS8

rF (FAC.3E. FACTOR) GO TO 93
FACTOR=FAC
SEP=PY P
[(0DY9
30 TO 113

93 SEP=SEP}FACTOR*DS8
33 TO 110

C
C DN SLOPE 9, YIELDED BUT CO~TINUTNG
C
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100 IF (DVAX.LT.O.) GO TO 10'
C
C JPDATE PLASTIC DEFORMATTCNS
C

DV P=FA CTDR * DVAX
XPP=XPP+DV P/DEITY
VP ACP=VPAP+DVP
3 TO 120

C
C YIELDED BUJT UNLOADING
C

101 (DDYO
C
C aESIDUJAL ELONGATION, RE
C

IF (IELO3. NE. 1) GO TO 105
SL END=60. /RATIO
3E=0.0175* (0_55*X3RE/SI.F'D+0.0002*X3RE**2)
R E =RE * FL~/D E LTY
XPP=KP P+FE
IEL30

C
105 X3RE=XP2P-i FAC

30 TO 30
C
C -HECK FOR COMPLETION OF CYCLE
C
1 10 FACAC= FAZAC+FACTOP

IF (FA.CA:. LT.O. 9 99 9999) GO T'O 20
C
C NEW FOJRCE, UNBALANCED FCRCE DUF TO YIELD
C

120 ST=SE?
DSUB=SLIN-SEP
rIF (ABS(DSUB) .GT.?.E-U) gPAL=1

C
C DEFORM1ATION RATE FOR DAMPING
C

IF' (DFAC. EQ.O..ANO. DEI7A.FQ.0.0) GO TO 140
IF (II iii. EQ.0.) GO TO0 150
KB AL=lI
IVAX=:OSA*( VELMc(3) -VEL1()) +SINA* (VELM (4) -VELM (2) )

C
C BETA-3 DAMPING FORCE
C

[F (DFAC. EQ.O.) GO TO 130
DSUBD0SUB+ DFAC*PTAL*DVAX

C
C STRUCTUPAL DAMPI FORCE~
C

130 [F (DELTA. EQ.0.) 1O TO '140
DSL=DELTA*ST.G'r(ABS (5T),DVAX)
DSUB=DSUB- DSL+S OFO
S DFO=DSL

C
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C tJYBALANCED LOAD VECTORl
C

140 IF (KBAL. EQ.0) GO TO 150
DO (3) =DSUB*COSA
DO (4) =DSUB*SINA
DO (1) =-DD(3)
DD (2) =-DD ( 4)

C
C EXTRACT ENVELO2RS
C

150 IF (SENP. GE.ST) GO TO 160
SE NP= ST
IS ENP=TIM!E
O TO 170

160 IF (SENN. LE.ST) GO TO 170
SEN=S T
ISENN=TIME

170 IF (VENP. vE.VTOT) GO TO 180
V ENP=VTOT
rV ENP= TINME
:3 TO 194

180 IF (VENN.LE.VTOT) GO TO 190
PE NN=VTOI
IVENN=~TIME

190 :ONTINUE
C
C PRINT TIME HISTORY
C

IF (KPR.LT.O) GO TO 2^00
IF (K?R.E.0.OR.KO'JTDT.EQ.0) GO TO 240

200 IF (LI ED. RE.0) GO TO 220
K KP R=IAB8S ( X PR)
PRINT 210, KPa,TIrrNE

210 F7)Rl Ar (//IBl RES17LTS FOR GROUP,13,
1 27H1, BUCKLING ELEMENTS, TIME =,F8.3
2 //5 X,5F1 FLT!M,3 X,4NCD, 3X,4HNODE, 3X, 5iYTLD, 8X, 5HAXI AL, 4X,
3 9H NET ,3Xg29HACCtTM. PLASTIC EXTENSIONS/S~X,
4 51 NO. ,3X,L4n I ,3X,48E J ,3X,5H CODErB,5HFOPRCE,4X,
5 9UEXTENSION ,5X,8NPCIITIVE,5X,8RtSEGATTVF,/)
[i ED=1

220 ?RIlIr 2301, IMEM,NO.Dt, NODJ,K(0DY,S , VTOT ,VPACP,YPA(-N
230 F0R:A(9, 217,I8,F14.2,.3F1 1.5)

C
C SET 11DI:ATOR FOR STIFFNESS CHANGE
C

240 KST=O
1F (K3DYK. NE. KODY) KST="

C
C UPDATE INFORMIATION 1IN CO MS
C

03 253 J=15,4&7
250 C3 MS (J) =O0M(J)

C0MS(2) =C0t(2)
C

RETURN

END
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SUJBROUTINE OUIT= (/CO MS/ r/ NINFC /)
C

D ML'10N /IN FEL/ INM , KST, Li (4) ,KGEO M OEAL L COSH, SINA,PFAC. RATIO,
1 nELTYF KOnYX eKODY,XPP, X3RE.E ,EAL~4,FAL6, FAL7,E ALB,
2 X5 , Y5 ,P5 ,X6 , X5D rY5 , P5D ,IND RF,IVRTX ,
3 TELOG, SEP,V'TOT, XTOT,VPACPrVPACN,VENP,TVENP,VENN r
4 TVEHNNSENP,"TSENP,SENN,TSENN,SDFO, NODIrNODJ,.KOUTDT,
5 PYP, PYN,PY TC, REST (14 7)

C

EaUIVALENCE (Tf14COM (1))}

C
C ENVELOPE 3EJTPUTU fBUCKLING FLEMF~NTS
C

)3 10 J=1,WLNFC
10 :M J) =CD S (J)

C
rF (LAEM. E0.1) PPI NT 20

c20 FDR!1Ar (27Hi BUCK(LING FLEMENTS (TYPE 9) ////
1 5H L~,3X HOEi3,4 OD X .H TX R AXIAL FORCES,'
2 1x, 18HMAXT' TJ! EXTENSIONS, 12X,25HACC[ . £PLASTIC EXTENSIONS/
3 5H NO. ,3X, 41f I ,3X,4H J , 5X,7HTENSIO, 3,4HIE,
4 6X, 5HCOMPN,3X,L4HTIMF,5X,8HPOSITIVE, 3X,$HTIME,
5 3(,8NEGATIV, X, U1IMER,7X, HPSITIV,c;XU8HN~EGATIVE/)

C
?3I:Jir 30, IMEM,NODT ,NO DJUSENP,TSEND,SENNTSENN,VFNP,TVENP,VENN,TVEN

1TN, V2PACP, VPACID

C
ERETURN
END
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SJ BRO(JTINE FST9 (/STIF/,/KOD/)
C
C
C FORM: AXIA[L STIFFNESS
C

O.)MON /INFEL/ I!MEMPKST,LMi(4) ,KGE~f,AL,LCSA, SINA,PFAC,RATIO,
1 DEL TY,K0DYX,KODY,XP P,X3RE ,EAL,EAL4,FAL 6,EA L7 ,]AL8
2 REST (177)

Ki Y=KOD+1-3 TO (13,20,30040050,600,70,80,90, 100) ,KYY
10 SrEIF=EAL

3.3 TO 113
20 srIrF=ZAL1

.OTO 110
30 SIIF=EAL

3O TO 110
40 STIF=0.0)1*EAL

33 TO 110
50 STIF=EAL&

33 TO 113
60 .r IF=EAL

J3TO 112
70 SP IF=EAL6

30 TO 113
80 Sr IF=EAL7

.")0 TO 11
90 SrIF=EALB

33TO 113
100 STIF=0.001 *EAL

C
1100EETURN1

ENfDJ
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3tBROUTINE LA110
C
C sEN EEATE 2-DELTA H YSTERESIS CURVE
C

:2N.11ON /INF..L/ IME~1,KST,LM (4) iK0EM,AT FL,CSAg SINA,PFAC,RATIOp
1 DETTY aK0DYXvKODY,JCPP,X3RE, EAL1U ?AL4,EAL6, EAL7,EAL8I
2 x5, Y-5,P5,X6,xSDeY5DvP5DeINDRE.IVRTX,REST (168)

C
C ;RESIDUA&L ELONGATIONI, E.
C

S L END= 60. /R ATTO
RE=03175#' (0.55*X3RE~/SIEND+4.4402*XC3RE**2)
RE=RE* FL/U ELTY

C
XPXPP+RE

.XP P1=I.+XPP
BE T .t-1 . /3 .
DENO.M=(XPP 1-X3RE) + (1 . +PFAC)/BETA
1U F= XPP- X3R E-PFA C

S5 =RATIO* NUMr1R/PEN OM
K5 =XPP--Y5/B ETA
SLOP4= (Y5+ PFAC) /(X5-X3LE)
EAL4=EAL*SL0P4
SLOPS= (1. -Y5) / (XPPI1-X5)
EAL8=EAL*S LOPS
X 6 =X5- Y 5-'2 F AC

C
R ETUR b
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33BROUTINE VRTX9 (/FACAC/,/DVAX/,/T." E/)
C
C AKTAL STATE DETERfINATTON rN TENSION AND VERTEX REGIONS
C

2O MMON /JM4YEL/ INFN, KST,Lr K,(4) , KGEOM TEAL, FL,COSA,5114A,2FAC,R ATIO,
1 DELTY, KODYXKODY,XPP,t3RE,EAL1, EAL4,EAL6eFAL7,EAL8e
2 X, Y5 , P5, X6 ,X5D ,Y5D, P59,IND RE, IVRTX,
3 TEL OG, SEP , VTOT, XTOT, VPACP,VPACII,V ENP, TV ENPeVENN,

4 ~TVFNN,SEIIP,TSENP,SENN,TSENN,SDFO, NODI,NODJ,KOUTDT,
5 PYP ,PYN,PYNC,REST (1 47)

C
C INITIALIZE
C

FACAC=O.
10 FACTOR=1.-FACAC

(3 DYI=KODY +1
E[F (KO DYI. EQ. 10) FgOTYT4
3O TO (20, 3004O,050) ,KCDYT

C.
C )9I SLOPE D, ELASTIC, GET FACTOR FOR STATUS CHANGE
C,

20 DSEP=F:A.L*DVAX
rF (DS EP) 2 1, 50,22

21 FAC= (PYN-SEP)f/DSEP
[F (FAC.:3E.FACTOR) GO TO 23
FACTOR=FAC
SEP=PY N
KODDY=1

C

rSENt4=TI~IF
30 TO 60

C
22 F4C=(YPSEP)/DSEP

[F (FAC_1E. FACTOR) GO TO 23
F &C TO P=FA C
SEP=PY P
KO DY=9
30 TO 60

C
23 SEP=5EP+FACTOR*DSF.P

3D TO 60
C
C DRI SLJ PE 1 , GET FACTOR FCR STATUS CHANGE

30 JS 1=EAL1*DVAX
IF (EAL1. NF.O) GO TO 34
KJDY=3
I VRTK= 1
30 TO 80

C
34 [F (DSI1) 31j60,32

C
C BUCKLED BUJT LOADING
C
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31 KODY=2

JO TO 40
C
C SUCKLING AND CONTINUING
C

32 FAC=(PYN:-SEP) /DS1
IF (FA C.3E .FACTOR) GO TO 33
FACTOR=FAQ
SE PPY NC
KODY3

C
C 3PDA1'R PLASTIC DEFORMATION
C

7P ACN=VPACN+FACTOF *DVAX
JO TO 70

C
33 SEP=SEP4FACTOR*DSI

C
C JPDATE~ PL:XS'IC DEFORMATICN
C

V P ACN= VPIZ N 4+FACTOP *DVAX
30 TO 60

C
C ONL SLJPE 2, GET FACTOR FOR STATUS CHANGE
C

40 DS2=E.AL*DVAXC
IF (DS2) %1,61,l42

C
C SUCKLING AND) CONTINUING
C

41 KO DY1
-20 TO 30

C
C BJCKLED BUT LOADING
C

42 FAC= (PYN-Z-SEP) /DS2
[F (FAC.sE.FACTOR) GO TO 43
F'.CTORFA

SEP=PYNC
Ka DY=.3
30 TO 70

C
43 SEP=SEP+FACTOR*DS2

33 TO 60
C
C JN SL:OPE 9, TENSIO N YIEL.DING
C

50 [F (DVAX. LT.O) GO TO 51

DVP2FACTIR *DVAX
K P P=XP PDV P/D EL TY
VP ACP= yeA : P+DVP
30 TO 80

C
C YIELDED BUT UNLOADING
C
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5 1 L(DY=0V13RE=XPP-PFAC
'30 TO 20

c
60 FACAC=?FACAC+F4CTOR

U' (F&CA:. LT,..9999999) GC TO 10
RETURN

C
70 F ACAC=FACAC+FACTOP

I V RTK = 1
c

BO RETURN~
END
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APPENDIX A-2

FORTRAN LISTING OF END MOMENT-BUCKLING
ELEMENT ELI0
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SURUIE1)iLl /CCT//-QTN~//INCI/ XY,/N

C

1
2

3

C

Jib ON /INFEL/

1fO /~K

oIME MrKST,tIM(6) , KEOM,Ft,COS A,SINA,A'(2,6) FEKI
1

EK22,EA12,FSH, EAL, K1 1i', EK22f, KODYX (2),
KODY (2) .V'STOT (2) , SFTOT(2) ,FTOT (2) ,PERTOT (2) , SENP (8) ,
SEN N(8) , TEN F(8) ,TENN (8) , PRAC? (2) , PRACN (2) , BmEP (2),
SDACT *(3) , ELY (2, 2) , NO DI, NO DJ, KOUTDTr PR12,PR21,

IMX ( 3, 2,Z) ,Ai1( 4"x"2) ,A2 (4,20, 2)
PFAC,RATIC,DELTYrKODYX1,K'DY 1,X?P,X3RE, EAL1, EAL,
EAL 6, EAL7 ,EAtL8, X5, Y5, P5, X6, X5D,Y5D,25 D, IND-RE ,
IVTXitIELCG ,VTOTvXT OT ,VPACP , VPACN ,VENP2, TV.EN 2, VENN,

TV F.JN,PYP IPYwi,2YNC,REST (30)
SFF (8) ,SSFr (8) 0,DD (6) ,GA(6, 6) , FFEF (6) ,FF( 6),

FTY (L4019) ,FEF(35,7) ,FDFEF(35),vFINi'T(3016) r
?FM,NMBT, rN S0Z F, NFLFNINT,TNODI ,NODJ,INC,ITNC:,

IMBT ,IILB , IKSFI, IKSFJ,_IK,! ,IKDT, KFDLI IKFDL, KFLL,
siKFLL,FDI4FFL,FLF, AK,SL'ND, ?Y'1, PYP2,PYN 1 PYN2,
KS 1, KS2,XL ,YI.,DE E,1'LLSSr W (25)

3
4
5
6

1 KS (2) ,FTYPI1(40, ?)

LATA AST/4A , 2H */
DATA Y ESND/L4H YES,L4H NC /

'CL DA~TA tNlPul, END MOME1NT-EtCKLING ELE:'E TS

C
ND0.?=6
NLNFC= 170
K; Q4=nCCto I( 1)
NIEM=KCC(;N 1(2)

li mBT= K CC:.r( 3)
L43URF=KC N T (4)
&FEF=KCOtir (5)
N I NT-KC0iN: (6)

10 F ) :iAki(3: HEN.E i0M ENT-DUCKLING L l!E:JTS (T YPE 0)//
1 34H NC. OF ELEMENTS =14/

2 34Ff NO. CF STIIF FSS TYPES =4
3 34 f NO. OF YIELD SUFFACES =4

4 3d4H NO. OF FIXEE END FORCE PATTERNS =Z4/
5 34Hf NO. OF INITIAl FORCE ?ATT'RNOS =I14)

C
L L M ?UTISTI FF NZS5PPROP ERTi ES
C

RIzir 20
20 F DRAAT (////16Hf STIFFNESS TYPES//

1 5Ff TYPE, 6X, 7H YCrJNGS,44X ,9FHAPDNING,6X, 71ISFECTTDN,
2 3K, 9 iRFERENCE, 6R, 2bFFLEXUaAL STLIFFNE.SS'FACTORS,
3 8X, 5HSFfEA,5X,7HFCISSON/
4 5H rit, 6X, 7ODUL0S, 4X, cH RATIC , 6 X7FHM A
5 3X, WH INEETTIA r6Xp26H II JJ T.7J6 ~8K, 5H AREA, 5X,7H RATIO /)
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30
40
50

DO 30 241, N lBT

READ 40, 1, (FTYP (N ,J) ,J= 1,9)
£ralU 50, Ile(FTYP ( NJ) ,J=1,t9)
FDaLIAT (15,4F10.0,3F5a 0 2F10.0)
FORiliAr (14, E14o. 4,El 3. 40 2Fl2.2, 3X,3F 10.3 ,Fl3 2,F? .3)

c
c
c

C
C.
C

L
C
C

INPUT RADIUS OF~ GYRATION , K AND PHT FACTORS

P RIL1160
60 FDRM.AT({////16H STIFFNESS TYPES//

1 5H T!IPE,6X, 1OH RADIUS OF,6X,18H EQUIVELENT LEN' TH,-
2 b6(, 19H STRENGTHlRPEDCCTIQN/
3 5H NO.,16X, 10H GYRATION 112X, 12H COEFFICIENT,
4 121 ,7H FAC'TOR)

DO 70 N=1, NA 'T
READ X1O, I, (FTYPI (NJ) of=1,3)

70 PRINT 90, N, (FTYP1 (N,J) ,J=1,3)
80 FORMAT (I5, 3F10. C)
9 0 FORM AI (14, 4X, F10,3 ,2?(10X ,FI10, 3) )

INPUT M-P' YIELD SURFACE PFOP!BIZIES

2RINr 110
110 FORtAT(////25H YIELD SUF FACE nFC PERTIES//

1 8H SURF 'ACE, 9 X11IIHYIELD M'OMENTS, l5X1

2 I231YIELD FORCES, 9X,16E1CCGPD.INAT"ES OF A,6X,
3 1bHCOORDINATES OF F/
4 88 Nu. , 5X,83 1?S1TIVE,5X,8HNEGATIVE,8X,
5 5HS0cP, 6X 7TENSICN, 6,16iN- T1ENT FORCE,6 X,

6 16H MOA ENT FCT'C-E/
DO04200 IYT= 1, NSURFCEAD 1 20, 1, (SFF (J) ,J=1 ,8).

1 0 F)RaAT (15, 4F1.).n,L4 F5.C0)
1J0l EORNMAr (15, F15.2,3F 3.2,2.(21X,2710. 3) )

3F F (2) =-&i3S (JIFF (2)
F ()-Ai3S (SFF (3)}SF F (4) =A3- . (SF F( 4) )

IF (5F F(b) .EQ.C0'.) SFF (6) =1 .E-6
IF (SF F(3) .FEQ.0.) SrF(8) =1.E-6

3r EEL TYP~E

rI1AX (1 , 1, IYT) =SFF (3)

23 AX (4. ,1,E YT) =SFF (3) *SFF (6)

P3 IAX( (2,2:, LYT) =SFF( 3) *SFF (8)

1AX (3,1,I YT) =0.

PAX(,1, IYT) =SFF( 4)*S:FF(6)
%M'AX(4 ,2,i YT) =SFF (14) *SFF (8)
231AX (5,1, IYT) =SF(4)
2AAX(5,2,iYT) =577(14)
X1 i(1,1)=o.
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X1(3,2)=SFF(1)

X& (4,1)=XM (2,1)
Id (4,2)=XUi (2, 2)
X3 (5,1)=0 .
Xm (52)=0.
03 193 J=1,2
r22=PMAX(1 ,J, IYT)
19 2=x3(1, J)
DO 190 I=1 ,4
221=P22
Xd 1=XM2
?P2PdMAX(L+1 ,J,IYT)
XLl 2=XM(Iit1 J)
DENROM=XM1I* P22XI2 * 22
AA2 (I,J,IY T) =(P22-PP1) /lENCtl

A190 AA1 Ii, J,lYT)= (XM1-X,12) /DENUM
200 :ONTIN UE

C'
C FIXED END FORCE PATTERNS
C

IF (NFEF.EQ.O) GO TO 25C
PRINT 210

210 FORMAT (////25H1 FIX En ENfl FORCE PATTERTUS//
1 6d PATTERN, 3 ,4UAXIS,7X, 5AIAL,7X, 5HSHEAR, 6,61 OM ENT,
2 7X, 5HAX1AL, 7X, 1 SW-EAR,6 X,6Hi'ONE'T,5)C,8HiLL. -RED.!/
3 8Hi NO. , 3X, 4RCCCE,7X,511AT I,7X,511AT T,6X,6H AT r ,
4 7X, 5iAT J,7L,5HAT J,6X,6H AT J ,5X,8E6 FACTOR.I

DO 220 N=1 ,NFEF
ii BD 23C, I#KDFEF (N) , (FF (NoJ) ,J=1,7)

220 PRI'NT 240, N, KDFEF (N) , (FEEF(N,J) ,J=1 ,7)
230 FORMAT (21517F10 .0)
440 F~hiA(I5,9, F132,r5F12. 2,F12.3)

C
C INITIAL FOh~CE PATTERNS
C

250 IF (NINT.EQ.O) GC TO 300
PainT 260

260 FORMAT (////28H INITIAL END FOF.CE PATTERNS 1
1 811 PAll2ERi, 7X, HAXIAL,7X,5HSHTEAF,6X ,6HL"O;IET,7,5FAIAL,
2 7X,5HSHEAR,6X,6FIMC CENT/
3 86H NO. , 7),5EIA I,7X,5HAT TI,6X,oH Vi I , 7K,5RA T J,
4 7X, 5HAT J,6X,E6H AT J )
DO 27 N1 ,NLT

270 PRINT 290, N, (FINIT (11J) ,J=1,6)
280 FORMAT (I5, 6F1O.0)
290 FORBAT (I5, 3X,6F12. 2)

C.
C ELEMlENT SPECIFICATION
C
300 PRINT 310
310 FORMIAT (////22[i ELEMENI SIICIFI CATION//
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i 3X, 4HELF',3X, 4NCDE2K, 4HNDE,2X,HNQDE,2X,LU!STIF,
2 21, 14ii7IELD SUEFACES ,2X..4HGEOM,2X,'4HTTME,3X,
3 +2HFEF PATT ERNS, 3X, 17RFEF' SCALE FACTOES,3 X,
4 16H1 INITIAL FORCES /
5 3X, 4H1 KO.,3X, 4H I ,2X, 41 J ,2X,4HDIFF,2X,4HTYPE,
6 21, 14H END I END J ,2X,4HSTIP, 2X#4EHIST, 3X,
7 121I DL LL , :X, 17H DL LL ,3 X,
a 1731 NU. SCALE FAC./)

L
DJ 320 J=36,84

320 CO M(J) =0.
K:)DYX ( 1) =0
KO DYX (2)2
KO DY (1) =0
KO3 DY (2) =0
KST=0
DO 325 J=145,167

325 CON (J) =0.
KODYXI=O
KO DY1=0
XKP=O.

C
ZI~1EM=1

330 READ 340, INEL, INODI,ITICDJ,TINC,TI'BT, TKSFI,IKSFJ,IK(9,TKD7,
ILKFOL, LKFLLUFFDL,FFLL,IINI1,FFINIT

340 FORMAT (11t5,2F5.0,I5,F5.C)
L

IF (tNEL.;T.IMEI) GO TC 380
350 NDDI=INODI

NODJ=INODJ

IN&C=INC
IF (INC. EQ. 0) INC1
IM~B T=I I1B r
KSF (1) =IKSFI
KS F(2~) =IKS FJ
KG EOu=I KsM
KO0UTDT =IKDT
YNG=YESN0(2)
IF (KGEGM. NE.3) YNG=YESNC (1)
YUT=~YESiO( 2)
IF (KJUTDi.NE.C') YNT=!BSNC (1)
KFDL=IKFDL
K'FLLI KLL
F DL=FFDL
FLLMi=FFLL
FLLF--l.
IF (KFLL.EQ.O) GO TO '6C
FLLF=FEF(IKFLL,7)
IF (FLLF.E(Q.0.) FLLF='.F-E

3603 INIT=IINIT
k IN'A= FF2INI T
ASTT=&ST(1)
IF (IN EL-N MEM) 330 ,380,330

C
370 NOD1=N0D1+INC
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c

c
G
C

c
c
c

&ODJ=liODJ+ INC
ASTT=A ST (2)

380 PRINT 350, ASTT,IMEM,?hCDLNODJ,INC,I IBT, KSF (1),KSF (2) rYNG,YNT
1,KtIFDL, KFLL, FDA, FLL M, I4IE, FINT

390 67'RAT (A2,I,736,21,5X,AL&2X,A4,7,6,F11.2,iFIO.2,17,F11.2)

LOCATION MATRIX

DO 400 1=1,3

400O Lid(I+3) =ID (NODJ,I)
ZALL BAND

ELHEET 2PROPERTIES

XL=X(NODJ) -I(NODI)
YL=YU(iODJ)-Y (NO DI)
FL=SQhT (L **2+YL** 2)
:3 SA=I L/FL

YM0D=FTYP(I1B'T, 1
2SH=FTYP (ILST ,2)

PSH1.aPSH

PSHll~SH/IY2 SH
AiEA=FTYP (IIB'T, 3)
EA, L=YM OD* A REA/F I
RAD=FTYP1 ( IMBT, 1)
AK=Fll P1 (IMBT, 2)
SLEND= AK*? L/RAD
RATIO=60. /SLEDD
KS 1=KSF (1)
ifS 2=KS F(2)
PY P1=2gAX (5,1 , KS1)
PYP2=PiNAX(5,1 ,KS2)
IF (PYP 1.LE. PYP2) GO TC 42C
2 YP=PY 2
GO TO 421

421 C:)NTINUE

PYN2=' MAX ( 1 ,1 ,KS2)
IF(PYN 1.LE. PYN4 ) GO TC 475.

PYNPYN2
GO TO 426

425PYN=Y N1
426 CJ NTIN UE

PHEI=FTYPI ( IMBT, 3)
PYNC=PHI*i? YN
PFAC=ABS (PY NC/.PYP)

EALI=SLOP1 *EAL
S3R E=- P FA C

DGLTY=P'YP/EAL
EIL=YlOD*FTYP (IMET '4) *PPFH/Fl
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FACL=FTYB (L!5T,5)

F ACR=F'TYP ( 115T, 6)
FACLR=FTP (lAkT,7)
IF (FACL.EQ.0.) FACL=1.E-6
IF (FACR.EQ.O.) FACR=1.E-E
IF (FTYP(L.MBT,8).EQ.0.) GC TO 430
SHFAC=EIL/({FTYP (IMBT., 1) /(2.* (1.+FTYP (IMDT,9))) *FTYP (IMBT,8) *FL*PPS

l1H)
DET=FA Ci*FACi- FACL R**2
FP I=FACR/DET+S FFAC
FJJ=FaCL/DET+SHFAC
FIJ=-FACLR/DET+SHF AC
DET=FLI FJJ-FI J** 2
FACR=FII/D ET
F ACL=FJJ/D ET
FACLcZ=-FIJ/DET

430 EKI1=EIL*FACL
EK 22=EIL*FACR
EK 1 2=EIL*FAc.Li
EK 1 1H=EK1 1 -EK 11**2/EK22
EK22LI EK22-EK12**2/EK11
PR 12=EK12/EK22
P£a 21=EKl2/EKI11

C
C I- YIEILD SURFACE EQUATICN DATA FOB EACH ENO OF AN ELEMENT
C

DO 450 K1 ,2
KK =KSF (K)
DO 450 J=1,2
DO 440 I=1 ,3

440 ~X (I, JFK) =PAX (I+-,J,KK)
DO 450 1,4&
A2 (I,J,K) =PPSH/AA2 (T,J,KK)

450 Al (I,J,K) AA1 (I,J, KK) *A2 (I,J,K)
C
C DISPLACEMENT TRANSFORLATICN
C

A (1 ,1) =-SL NA/FL
A( 1,2) =COSA/FL
A (i,3) =1.
A (1,4)=-& (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,Lw)=A (1 ,4)
A (2, 5) =A(! , 5)
A (2,6) =1.

C
C LOADS DUE TO FIXED END FCECES
C

DD 480 I=1 ,6
SF F(I) =0.

480 SS FF(I) =0.
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IF (KFDL+KFLL.ILQ.O) GC 'TC 610
Do 490 1=1,6
DO 490 J=1 ,6

490 GA (1,J)=0.
SA (1,)=COSA
GA (1, 2) SIhiA

3A (2,1 )=-SING
GA (2,2)=Z0 SA
GA (3, 3) =1.

G8 (4,4) CDSA
OA (4, 5)S=INA
as (50,4)=- SINA
G A (5, 5)=) SA
3A (6,6) =1.

C
I? (KFDL.EQ.0) GO TO 53C
Do 500 1=1 ,6

500 FFEF(I)=FE? (KFDL,I)*FDL
IF (KDFEF(KFDL) .EQ.0) GC T0 510
a LL lULT (GA,FEFISFF,6,6,1)

GO TO 530
510 DO 520) 1=1 ,6
520 SFF (1) =FFEF (I)

C
530 lF (KFLL.EQ.C) GO TO 57C

DO 540 1=1 ,6
FL.L=FL LF* FLLl

540 FFEF(I) =FEF(KFLL,1) *FLL
IF (KDFEF (KFLL) EQ. )) GC TC 550
:ALL ULT (GA,FFEF,SSFF,6,6,1)
GO TO 570

50 DO 560 1=1 ,6
560 SSFF(I)=FFEF(t)

C.
570 DO 580 I=1 ,6
580 FF' (I) =SFF(I)+SiSFF LE)

c:
CALL LULI 1'(GA, FF, DD, 6,6 ,)
BALI. SFOhZE (DD)

C
L 13D1FY TD GEl TINITIAL KEIH~NT F(I'CE
C

DO 600 1=1 ,6
FLL=1. /FLLF
IF (I. EQ. 3.Oz. I .EQ .6) PIL= 1.

b00 SFF (I) =SFF' (I) +53?? (I) *?II
C
C INITIAL FORCES
C

bl10 IF (IN IT. EQ.0) GO TO 63C
DO 620 I=1 ,6

620 SFF () =FF(I) +?TNIT(IN.IT,I)*FrIN
C
C INITIALIZE ARRAYS
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c

c

630 BShEP ()=SFF (3) *P2S H
o2SEP(2)=SF F(b) *PPSFI

FtOT (.:)=SFF(&)
SF TOT ( 1) SFF (2)
SFTQI (2)=SFF(5)
?f TOT (1) =SF?(3)68TOT (2) =SFF(6)

DO 650 I=1, 6
SS=a8TOT (I )
IF (SS oLT.O.) GO TO 6410
SE NP (I) =SS
GO TO 650

6140 SENN (I)=SS
650 CONTINUE

c YIELD MOENTS FOE INI~TIAL FORCE STATE
C

ALL YMOM 1 0
C

:&LL FINISH
L

3 ENERATE HISSING ELEMENTS0

IF (ILIE&.EQ. 1EM) RE~TDFN
IM EM'=I1Em+ 1
IF (I MEE. FQ. INEL) GO T10 350
S0 TO 370

EN~D
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S IBROU TI E STI F "tO(/fMSEt/,/NDOF/. / IiFrC/, /C0 5/./F //DFAC/)
c

2

3
4I

b

7

dMON /INFEL/

t

i

i

3

3 MINUS /WORK/

'IMNi,KS ,LIM 6) ,KGE0O1FL,COSA tSI1lA,A (2,6) , rK11,
EK22,EK12,PSREAL,EKl lii EK22tI, KODYX (2),
KODY (2) ,EMT1CT (2) ,SFTOT (2) ,FTOT (2) , PRTOT (2) , SENP (8) ,
SEN N (8) ,T EIP (8) ,TEN N (8) , PRACP (2) , PRACN (2) , BMEP (2),
SDACT (3) ,NY (2, 2) ,NOOI,N0DJ,K0UTDT,PR12 ,PR21 ,
PMX (3 ,2,2) ,Al (4j,2,2) , A2 (4, 2,2),
PFAC, RATIO, DELTY,KODYX 1

1,KODY ,XPP, X3RE, EAL , EAL4,
EAL6 ,EAL7 ,EA.L8 , X5 ,Y , P5 X6 X5 DjY5D, P5Dr INDRE,
IVETX, IFOGaVTOT,XTOT,VPACP,VPACN,VEN.P,TVENP,VENN,
TVE NN ,.EYP, YN, PYNC, P.EST (30)

ST(2, 2) ,STT (2v2) ,ATK (6,2) ,AA (2,).6) , PFL, AX K,FAC,

FFK(6,6) ,FSK (b,6) ,K (1893)1

C

C

C
C

C

C

C
C.

C.

E2 UlYALENC E ( MEM1, COn (1) )

SI IFFN ESS FOP ULATbON, END OMiNT-BUCfLING ELRE1ENTS

DO 10 J=3, 35
10 D (J) CO1S (J)0)0 15 J=1L4 1 ,1l4c
15 : JI (.) =c01s(J}

U.RRENT AXIAL STIFFNESS

ALL F ST1 3A (STIF, KODY 1)

PREVIOUJS STI.FFNESS

IF (MSr EP. LT.2) GO TO 20
:ALL F S11IJA (STIFF ,KO DYX 1)"

STIFFNJESS DIFFERENCE

STIF=STIF- STIFF
20 CONTIN.U E

DO 30 1=1,36
30 FS K (I,1)=3 .

AX K=S 2 IF#OCSA~* 2
FSK (1, 1) =AXK
FSK(i, 4)_-AXK
FS K (4, 4) =8,XK
At K=Sr IF*S I NA** 2
FSK (2, 2) =A XK
FS K (2, 5) =-AXK
FS K (5, 5) =AXK
AXK=ST IF* S I NA*COSAI SK (1 , 2) =AXK
FS K (1, 5) =AXK

FS K (2, 4) -AXK
FS K (4, 5) =AXK

DO 40 -Il, 6
DO 40 J=I, 6
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40 FSK (J I) =FSK(I,3J)
C
c ZURREKT FL EXURIL STIFFNESS, ELASTO-PLASTIC PART
C

CALL FST1O B (STKO DY)
C
C PREVIOUS STIFFNESS
C

IF (MSrEP.L.T.2) GO TO 50
CALL FSTIOB (STT,KODYX)

C
C STIFFNESS DIFFERENCE
C

DO 60 1=1, 4

CALL MULIST (A,ST,ATK,FF,6,2)
C
C 3ET IDTAL STIF1ESS

DO 70I=1, 6
DO 70 J=1 ,6

70 FK (I,J)=FK (I, J) +FSK(I,J)
RE TURd

c
C C)IGiNAL STIFFNESS AT S'EE 0, ETA-C, COREN AT STEP
C

50 FAC=1.
IF (S TEP. NE. 1) GO TC 85
Y A C=DF AC
DO 80 I=1,36

80 ISK (I, 1) =FSK (I, 1) *FaC
85 CC= (1. +2511) *FAL

DO3 90 1=1, 4
90 SP (I,1)=SI:(I,1)*CC

CALL AULIST (A, ST, ATK,FK,6,2)
C
C :;ET ZOTAL INITIAL STIFFNESS
C

DO 100 1=1 ,6
DO) 103 J=1 ,6

100 FK {1,J)=F< (1, J) +FSK (I, J)
C
C ADD GEOMETRIC STIFFNESS
L

IF (,; TEP. EQ. 0. OR. KG FOM. E(. 0) GC TO0 120
PF L= (:2O~l( 41) -CCMS(40)) /(2 .*F.L)
DO 1103I1,4&

110 s2 (I, 1) PF.L
D313iJJI=1 ,14

130 AA (I,1)=u.

AA (2,4L)=SINA
AA (, 5 )-2SA
CALL IULIST (AA,ST,ATK,FFl,6,2)
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D0 140 1=1,36
1 40 F K (I,1 )=F K (I,1 )+FF K(I ,1)

C
120 EE TURN

C
END
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31 BR)TIllE RES21O (/NDOJ'/,/4IIN FC/,/KBAL/,/KPR/,/COM!S/,/DDTSM!/,/D'D/,
l/T IME/ ,/VE L l/,/DFA C/, /DEJT A/)

STATE DEI L RMI NA TT0N, END M C'1NT-BU CKLI NG ELEMENTS
c
c

1

3

u

5

MMON /I N FEL/

1

3

t

3

i

...) MMON /WJ RK/

TIF, KS T6, :E(6), E LCOSAS'A,A (2,5) ,EK1 1,
EK2 2, EK12,FSH, EAL, EK11H, EK22H, KODYX (2) I
KOD Y(2) ,BMTCT (2) ,SF TOT (2) ,FTOT (2) ,PRTOT (2) ,SENDP(8) ,

SENN (8) ,TWNP (8) ,'rENN (8) ,2PRACP (2) , PPACN (2) ,BMEP (2) j
SDACT ( 3) , B!MY (21 2) , NODI, NODJ, K0rJTDT, PR 12 ,PP.2 1,

3,X(l 2,2) , Al (4I,2, 2) ,A2 (4r2 v2),
PFAC,RA TC,DELTY,KODYX1 ,KODY 1,XPP,X3REEAEAL AL4,
FAL6, EAL7,EAL8, X5,Y5,P5,X$;, X'D,T5D,P5Do TNDRE,
TVR TX ,IET0(v, VTOT , T T'VPACP ,V PACNIV EN P,TVEN P ,VENN ,
TV? N&,PYP,PY~LPYC, REST (30)

DVR(2) ,DPP (2)1DBM(2) ,BB9TOT( 2) ,B lt (2) ,BMEL (2) ,

DVAX I L IN, FACAC, FACTOP,FAC,D SF vBM .I D, BMJUB,SFUB,
DSr,DVP,SLC6,SLP7, DS4,DS5,DS6fDS7,DS9,EALEvFOUBv
KBEAL. 1 ,KST1 ,W (1966)

1
2
3

C

c

c
C

C

C
L
C

C

C

E UIVALEN:ZE (TME?},C'ON (1) ) , ('ODI,NOD (1) )

DD 10 J=1,NNEC
1 0 ;Dm(p) =C:)I S(J)

K:ODYK (1) ZKODY (1)
KJDYK (2)=KODY (2)
KD DY), 1 =KOD Y1

rF (rf EM. E 0 .1) TPEI=0

I

)EFOP.MATI)N INCP!Y"mE'TS

DV AK=COSA* (DDTS! (uI) -DDIS."I (')) +STNA* (DDIS~I(5) -DDIS"' (2) )
ROT=(3INA0 (DDLS"(14) -DDTS1a (1)) +COSAL* (DDTSl(2) -DDT SM. (5)) ) /FL

)VF. (1) =DDISM(3) +ROT
DVR (2) =DDTSfi(E6) +POT
VTO'r=VTOT+ DVAX
SEP='iTUI ( 2) -FTCT ( 1))} *Q.

AXKIAL FORE INCRE I1?NT

;ALL FSTlO A (EALF, TOPYI)
SLID=SEP+E ALE* DVAX

A T AL SrAr E DFT FQ"'TN ATICN

F VRTX =0.

K ECG V ERLr'F2CSTATE

IF (TVRTX. EQ.0) CALL VRT X1O (FVRTX,DVAX,SEP,TTr.l)

IF (IVRT. EQ. 0) GO TO 1203

FACAC= FVLrx
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C
20 FACTOR =1.- FACAC

KDDYIKODY 1+1
33 TO -(30, 120,120, 400,50,60070,e80, 90, 100),KODYT

C
C ON SLOPE 3, ELASTIC, GET FACTOR FOR STATUIS CHANGE
C

30 DSEP=EAL*DVAX
IF (DSEP) 31, 110, 32

31 FAC(PYNC-SEP) /DSEP
IF (FAC.GE FACTOR~) GO To 33
FACTOR=FAC
S EP=PY NC
KODYI=3
G0 TO 110

C
32 FAC= (PYPSEP) /DSEP

IF (F&C.3E.,FACTOR) GO TO 33

SEP=PYP

33 TO 110
C

33 SEP=SEP+FACTOR*DSEP
SO TO 112

C
C ),N SLO2PE 3 , BUC KLI NG AND CCNTT NUING
C

40 L? (DVAX.3JT.0.) -o TO 41
C
C UPDATE PLASTIC DEFORMATICNS
C

DVP=FACTOR *DVAX
VP ACN=VPACN +DVP
:D TO 123

C
C BUCKLING AND UNLOADING
C

41i KrOT=IVTJT-DVAX) /nETY
IF (XrOT.aE.x3RE) GO TO 42

C
C ESTABLISHI NEW STIFFNFSS FOR REVP?F
C

X 3RE=X TOT
IELOS= 1
:ALL LAWdi)
?5=Y5*PYP
K)D14
73 TO 50

C
C S E OLD0 STIFFNESS FOR REVERSE
C

42 IF (IN0RE. EQ.2. AND.YTOT. LE. X6) GO TO 43
I F((X5 D-x r o-). EQ. o.) GO TO044
SLOPE= (Y5D+ PFAC) / ( 5-X!'CT)
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EAL6=EAL*S LOP6
KO DY1= 6
33 TO 70

C
43 SLOL'7= (Y5+PFAC)/(X5-XTOT)

EAL7=~EAL*SLOP7
K3DY1=7
30 TO 80

44 KODY1=5
;0 TO 60

C
C ON SLOPE 4, GET FACTOR FOR STATUS CHANGE
C

50 DS4=EAL4*0VAX
IF (DS54) S 1,110,514

51 IF (SEP) 52,52,53
52 FAC=(PYN-SEP) /DS4~

IF (FAC.3E .FACTOR) GO Tr 55
FA CTOR=FAC
S EP =P Y NC
K3DY13
33 TO 113

53XK5 D=VT0OT/D ELTYT
Y 5 D=5E P/FY P
?5D=SEP
IN DREI
KO DY15
10 TO 60

54 FAC=(P5-SEP) /DS4
IF (FA C. GE .FACTOR) GO TO 55
FA CTOR=FA:
SEFP5
KODY18
33 TO 113

55 SELFSEP+FA CTOR* DStu
30 TO 113

C
C ON SLDPE 5, GET FACTOR FOR STATUS CHANGP;
C

60 Da'5=EAL*OV A K
IF .(DS 5) 61,110,162

61 FAC=(PYNC-SEP) /DS5
IF .(FAC.:E. FACTO?) GO TO 65
FACTOR =FAC
SEP=PY NC
KJ0DY13
.-3 TO 110

62 FAC=(P5D-SEP) /DS5
IF (FAC.sE. FACTOR) GO To 65
FACTOR =FAC
SEP=25 D

0 TO (63, 64) ,ITNflFE
63 KODY1=4

50 TO 110
64 KODY1=8
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3D TO 11.1
65 S EP=S EP+FA CTOR* DS5

3D TO 1"10

N~ SLR PE 6, GET FACTO.R FCR STATUS CHANGE
c
c
c

C
' C

C

C
C
C.

70 DS6=EkL6*DVAI
IF (DS6) 7-1,110,72

71 FAC= (PYDN"- SEP) /DS6,
IF (F AC. a .FACTOR) GO TO 75
FA CTOR=FAC
SEP=PYNC
KODY1= 3
3D TO 1I0

72 FAC= (25D-SEP) /DS6rIF (FA C. OF. FACTOR) GO TO 79
FACTOR=FAQ
SEP=P5 D
3D TO (7317L4) ,I NDP E

73 KO DY1= 4
30 TO 1I0

74 KDDY1=6
30 TO 110

75 SEP=SEP+P&CTOP*DS6
3DT7 11)

J"N SLJ PE 7, GET FACTOR FOR STATUJS CHANGE

80 DS7=EAL7*DVAX
IF WDS7) 3 1,1 10 ,82

81 Fc= (P YN.- SEP) /DS7
[ F (FA CO3E .FACTOR)
F ACTOR.=FA::
SE P22Y NC
KDDYI=3
'"0 TD 1 1

'82 F AC=(P 5-S EP) /D S7rF (FAC.GE.FACTOR)
FL CTO R=FA'N

3FP=PKD DY1 =8
3D TO 110

83 SEP=SEP+Fk-CTOR*DS7
3DTO 11D

GO TC 83

G O TC 8 3

JN SL) PE 3,1 GET FACTOR FCR STATUS CTIANGE

90 DS8=EAL8*~DVAX
IF (DS8) 91,110f02

91 K5 D=VrOT/D ELTY
Y5 D=S0 P/PY P
p5 D=S5E2
INDR !=2
KODYl =5
3D TO 60
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C
92 FAC=(PYP-SEP) /DS8

IF (FA C. GE .FACTOR) GO TO 93
FACTOR=FPA:
SEP=PYP
KODY1=9

,0 TO 113
93 SEP=SEP+FACTOR*DS8

s0 TO 110
C
C )N SLOPE 3, YIELDED BUT CC14TINUING
C,

100 IF (DVAX. LT.0.) uO TO .101
C
C JPDATE PLASTTC DFFORMATTCNS
C

DVP=FACTOR *DVAX
rP P2K? P+DV P/DELTY
VP ACP= VPPL P}DVP
JO TO) 123

C
C YIELDED BUT LNLOPDNG
C

101 &ODYIO=
c
c RESIDUAL ELONGATION, RF
C

IF (I ELO.. NE. 1) GO TO 1 ll'r

SLEND=60. /RATIO
IE=0. 0175* (0.55*X3 RE/SLEND+.002*X3 R.E*-2)
R E=RE* FL/D ELTY
XP P=CPP+RE
IELOG^=0

C
105 (3RE=KPP-PFAC

3) TO 30
C
C :3 ECK FOP CO:!2LETT ON CF CYCLE
C

110 FICAw=FAMAC+FACTOR
IF (FACA.LT.03.°99 9999) GO TO 20

c
C NEW FDRCE, UNBALANCED FCRCE DUE TO YIELD
C

120 FrOT(2)=SEP
FTOT (1) =-SEP

F) UB=S LIN- S EP
IF (ABS(FO3UB) .GT.' .F-E)1KEL=11

C
C ACCUMULATE EXTENSTO~I F14VELOPES
C

IF (VENP. GE.VTOT) GO TO 180
VENP=VTOT
IVENP=TI-IE

33O TO 190
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180 IF (VENN. LE.VTOT) GO TO 190
VENNVTOT
TV'IENN4= TIME

X90 CONTINUE
C
C SET IN DI NTOR FOR AXIAL STIFFNESS CHANGE
C

KS T1=0
IF (KODYXI. NE. KODYI1) KSTI=l

C
C FLEXURAL STATE DPTERMINATION
C
C LINEAR MnZ'ENT INCREMENTS
C

GALL B M13
B ML (1) =BMEP (1) +DBN (1)j
5 L (2) =BIF P (2) +DBN (2)
BIEL(1 )=B3TOT(1)-EP (1)
BNEL(2)' f3'TOT (2)-BNMEP (2)

C.
C £R ACE ur NONLINFA R PATE' .Ot N-P SURHFACE
C

FACACO.
KBALO

250 FACTOR=1. -FACAC
C
C PL ASrI C HI7NGE ROTATIONS
C'

IF (KODV!(1) +RODY(2) -1) 280.260,270
20 3PR (1) =DVa (1) +2R2 *VR (2V

OPR (2) =DVR (2) +2R12*DVR (1)
OO TO 280

270 DPR (1) =DVR (1)
DPR (2) =DVR (2)

C
280O KFAC=O

DO 323 IEEND=1 ,2
C
C jLASTIC, ;ET FACTOR FOR STATUS CHANGE
c

IF (KODY (I EN}) . E. 0) GO Tr; 310
IF (DB (IEND)) 29, 320,3r0

290 FAC=(BMY(IEND, 2)-yEP (TEND)) /DN(TEN))
IF (FAC.3E.FACTOR) GO To 320
FACTOR=FAC
BBMY=BMY(I END ,2)
KFACIEND
~3TO 320

300 FAC=(B!Y(LEND,1)-BIEP(IEND) )/DL!!(IENJD)
IF (FAC.GF..FACTOP) GO0 TO 320
FACTOR=FAC
BBMY=B NY(I END, 1)
KFACIEND

73 To 32)
c
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C 3DNTI NLJIN.3 TO YIELD -PCSITIVE PLASTIC WORK
C

310 IF (1EP(I END) *DPP (IEND) .GF.O.) GO TO 320
C
C 33LOADINS - PLASTIC WCR1K NEGATIVE
C

FACTOR=O.
KF AC=Q
K:)DY(I ENDS =0

C
320 :ONTINUE

C
C P DAI E 1)LENTS AND HINGE ROTATIONS
C

DO 360 IEND1,2
IF (LEND. EQ.KFAC) GO TO 350)
IF (K0DY (I END) .NE.O0) GO TO 330
3SE2(IEND) =BMEP (TEND) +FACTCR*D13M(tEND)
SO TO 360

330 )PPR=FACTOR*DPR(IEND)
PRTOT (lIEND) =PRTOT (lTEND) +DPPR
IF (DPPR.LT.O.) GO TO 3410
PRACP(IEND) =2RAC?(IENC) +DFPR
30 T0 36)

340 ?F. ACN (lEND) =PFACN(IENO) +DPPR
30 TO 363

350 fBMEP(l ENDo =BB"41Y
KODY(IEND; =1

360 DNTT&UE
C
C CHECK CO;"?LETION JOF CYCLE
C

FACAC= FACAC+FACTOR
IF (FACAC. GT.,0.99C99) GC TC 370
CALL BMI]
KB AL=1
3) TO 25)

C
C YIELD MOIENTS FOR NEXT STEP
C

370 GALL .YIxOMI
C
C -. ECK FOR OVERSHOOT OF h-F SURFACE
C

DO 420 IZtD= , 2
IF (KODY(I END) .EQ. 1) rOC T 400
IF (BnEP(IEND) .LE.8B1Y (TEND,1).) GO TO 380
B:1EP(I END) =BMY (TEN D,1)
KBAL=1
33 TO 420

380 IF (B3 MEP (EN) .17.BM Y (TEX,2)) GO TO 390
BMEP(I END) =BM'Y (TETD, 2)
KBAL1
30 TO 423

390 IF (aEPI'EEND) .LT.BSAY (TFND,1) *O.98.AND.B:IEP(IEND) .GT.BMY (TEND, 2) *0
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1. 98) K ODY ( IXD)=0
73 TO 423

400 IF (BMEP (IEND) .LE. BY (TEND 1) GO TO 410
B8EP(IEND) =BMY(1E11D,1)
K BAL=1
~3DY(rEMDj =1
33 T7 423

410 IF (BM EP (I END) .GE.BMY (TEND,2)) GO TO 420
B:I EP (I END)=BMY (IEN D,2)
K B A L= 1
KO DY(I END) =1

420 :ONTtKUE
C
C ELASTIC &AND TOTAL FORCES
C

BBlTOT (1) =flhTOT (1)
BB MT3T (2) =BNTOT (2)
BITOr(1)=BMEP(1)+BML(1) +(wK11*DVR(1)+EK12*DVR(4))*SR
8ATOr(2)=3MEP(2)+BMEL(2) +IEK12*DV P(1)4EK22*DVR(2))*PSH
DS F=(BMTr(1) -BBMTOT (1) +TT(2)-BBM TOT (2)) /FL
SFTOr (1) =SFTOT (1j +DSF
SFTOT (2)=SFTOT (2) -DSF

C
C UN~BALANCED LOADS DUE TO YIELD
C

BMIUBO.
BMJUBO.
IF (KBAL. EQ.0) GO TO 430
BM IUBE'.L (1) -BM EP (1)
BMJUB=BML (2) -BNEP( 2)

C
C DRPOPM'ATION RATES FOR DAMPING
C

430 IF (DFAC. EQ.0.O AND. DELTA. 7. .0) GO TO 460
IF (UIIE.EQ.0.) GO TO 470
KBAL1
DV AK=ZOSA* (VELM (4) -VEILM ( ) *STNA* (VELM (5) -VELM (2) )
R)T= (SINA* (VELM (4) -VEIM (1))j+COSA* (VELM (2) -VELM (5))) /FL
DVR (1) =VELA! (3) +POT"
DVUR (2) =VELMt (6) +RPOT

C
C BETA-) DAMPING
C

IF (DFAC. EQ.0.) GO TO 45"3
FA C=DFAC* ( 1.+P S i)

BMiIUB=BfIIrJB+(EKI1*DVR (1) +FIK12*DVR(2) )*FAC
BMJUB=BMJUB+(?KI2*DVR (1) +Esr?2*DVR(2))*FAC
F) UB=EAL*DVAI*DFAC+FOLIB

C
C STRUCTURAL DAMPING LOAD
C

450 tIF (DELT. EQ.O.) GO TO 1160
SD M=D ELTA*ABS(BTOT (1)) *SGN(1.,DVP(1) )
sDMSJ=DELA*AS (BTOT (2)) *SI N (1.,nVF (2))
FDFO=DELr*AS ( (FT OT(2) -FTCT(1) )/2. )*SIGN {1.,,DVAX)
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B:1 IIU3=BMIPJ B-S DMI+S DACTI('I)
f3!JUB=BJUB-SMJSDACT (2)
FLUBFOUB-SDFO+SDACT (3)
SD ACT (1) =S DMI
SD ACT (2)=S DMJ
SD ACT (3) = S D FO

c
c SET UJP UNBALANCED LOAC VFCTOR
C

460 IF (KBALK BAL1.EQ. O) GO TO 470
KBAL=1
SFUB= (3MtB+3MJUB) /FL
DD (1) =-SFUB*SINA-FOUB*COSA
DD (2) =SFUB*COSA-FOUB*SINA
DD (3) =BMI 118

DD (4) =-DD ( 1)
DD (5) =-DD (2)
DD (6) = BM~JU B

C
C EXTRAT ENVELOPES
C

470 00 490 T=1,8
S=BMT3T (I)
TF (S. LF. SENP (I)) GO TO 481)
SENP(I) =S
rENP(I) =TI ME

480 IF (S. GE. SENN (I)) GO TO L9C
SENN (I) =S
rENV(I) =TIME

490 :JNTINLTE
C
C PRINT TT1IE HISTORY
C

IF (KPR.LT.O) GCS TO S00
IF (KP R. EQ.0O..K0 UTDT EQ.2^) GO TO 940

500 IF (IfIED.,IF.0) GO TO 520
KKPPt ABS (KPR)
PRINT 510, KKPR,TT ITT

510 FDRMAT (///18H RESTTTS FrCF GROUP,I?,
1 38H, END MO-AENT-P'JCWLING, ELEM1ENTS, TIME =,F8.3///5x,
2 5H~ ELE4,L4X,4NODF,2X,'IOHFLX. YTFLD,2X,7118P.NDING,7X,5FISHEAR,
3 7X, 5UAXIAT., 12X,23HPT".A5TIC HINGE ROTATIONS,
4 15K , 5FAXTAL./5X,
5 53 NO.,4X,r4H NC.,3X,5K C c),6X,75 MOMENT, 7X,5HFORCE ,
6 7K,5HF'ORcF. 8x,7HURENT,, -HAcc. POS.,3Xr,9HAC,:.-NEG.,
7 3X, 1OH YIELD CODE,31X,9HEXTENSTON/)

EED=1
520 PRINT 53, TE 1, (N Of)(I) ,KODY (I) ,BMTOT(T),SFTOT (I) ,FTOT (I) ,PRTOT (I)

1, PRACP (I) ,PRACN (T) , T-1,2) ,K 1 ODY1,VTOT
530 :-R,4Ar ((,Ii,7,3X,IF It2.2, 3X ,3F12. 5/

1 9K, 18,17,3X,3F12. 2,3X,3F12. 5,I1O,F1 1.5)
C
C SET IYDIJATOR FOR STIFFN-FSS CHA'NGE
C

540 CST= J
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TF (KDDYK {1)}. *E.K0DY (').C"?.KOPYX(2) .!E.KODY (2)) KST=1
IF (KST.E} . 0. AND. KST1 , 4E.0) KST=l

c
C JPDATE INFCRMATION IN CCMS
C

DO 550 J=3 2 88
550 31S (J) -CO M(J)

COJiS(2) =Z0M(2)
DJ 563 J=1410,67

560 :0MS(J) =O(J)
C

RETURN
END
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SUBROUTINE OUTlO (/COMS/,/NTNFC/)
c

:311ON fIN FEL/

2
3

5
6
7
8
5

IMEM,KST,LM (6) ,KGEOM,FL,CSA, SINA,A (2 ,),F 11 ,
EK22, FK12,SI, EAL,F.1' 1H, EK22H, KOnYX (2) ,
KODY (2) ,eMTCT (2)rS'FTOT(2) ,FTOT(2) ,PRTOT {2) ,SENDP(8) ,
SENN(8) ,TENP(8) ,TENN(8) ,PRACP(2) , PRACtI(2) 1BMEP(2) ,

SDACT (3),BMY (2, 2) ,NOOT, NODJ, K0UTDT,PR12,PR21,

PFAC,RATO,DELTY,!KODYX1,KODY1,XPP,3R4,EAL1, EAL4,
FAL6, EAL7,EAL8, X5,Y5,P5IX6,YX5D,Y5DoP5DoTNDRE,
IVRTX,IEICG,VTOUT,XTOTV PACPIVPACN VENP,TVENPrVENN I
TVENN IPYT',PYN, PYNC, REST (30)

c

c
c
c

c

c

c

DIMENSION COM( 1) ,COTS(1)
E3UIVALENCE (IMEMl,COM(1))

ENVELOPE OUTPUT, END MO MENT-BUCKLING ELEMENTS

))10 J=1, NIL4F

1 0 ()C01 s(J)

IF (IfE,'. E Q.1l) PPT NT 20
20 FDRdIr (33H END 1-1mETLE'T NG F A4NTS (TYPE 1)///

1 ~5H ELE~i, 3X, 4NOD, 7X, 7HDIN(,lOIC, 1 X HS'E AP,1 4X ,5HAXIAL,
2 13KX,8ELFPL I NGE ,7 Y ,1 4H MAT. AYUAL/
3 5H Ic . , 3?, 411NO.,' 7X,7 H M01'?NT,3X, 4HT-T-T.,7X, 5HFOPCE, 3x0

5 5X, c9HEXT ENS TON, 3X, 4HTTME/)

30 F3 RIAr (14, T7, 5x,3EPOsITTVE3 (F 12.?,F7. 3) ,2 (F1'4.5,F'7. 3) /
1 loI,8HNE~ATIVE,3 v12.2, F7. 3) ,2 (r14.5, F7.3) /
2 7X, T4, 5X,8r!'OSI'T~V1,3(F12.,7.) ,F1451F7.3/
3 Z;X, 9HNEGAiIvE,3_(F1?.2, F7. 3),Fl 4.5, F7.:?/)

RETURN
END
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SLJBR3DJTiNE FST1OA (/STIF/,/KOD/)
c

1
2
3
4
5
6
7

IMEfitKST,LM (6)KGEOMFtC0SASINA,A(2,6),EK11,
:K2 2, EK12 r PS~R EAL, EK 11H, EK22!, KODYX (2)r
EDDY (2) , BMTOT (2) ,SFTOT (2) ,?FTOT (2) , PRTOT (2) orSENP (8) r

SEN N(8) ,TEMP (8) ,TERN (8) , PRACP (2) , PRACN (2) , BLEP (2),
SDACT (:) ,BMY (2v2) ,NODI, NODJ, KOUTDT,PR12 ,PR21 ,
PMX (3 v2,2) , Al (4,2, 2) , A2 (4,2,2)r
PFkCRATIOrDELTY,KODYX1 ,KODY1 ,XPPX3REr EAL1 ,EAL4r
EAL6,EAL7,EAL8, POUTr (51)

c
c
c

c:

FORM AXIAL STIFFNESS

KY Y=KO D+1
30 TO (1J, 20,30 040 50,60,70f80,90, 100) ,KYY

10 Sr IF=EAL
"3 TO 113

20 5 TIF=EAL1
3)TO 110

30 STIF=EAL
30 TO 113

40 STIF=3.031 *EAL
33 JT D 110

50 STIF=EAL4I
30 TO 113

60 STIF=EAL
3 TD 113

70 Sr IF=EAL6
30 TO 113

80 Sr TF=iAL7
3)TO 113'

90 STIF=EAL8
30 TO 113

100 STIF=3 .031 *EAL

110 2ETtJRM
END
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SJBROU TINE TLAW 1
C

1:2MMON /IY FEL/

2

5

7
8

IME', KST,IM 6) , GEOM,FL,C0SA,STWA *A(2,6) ,ERA11,
FR22,FK12,PS1T,EAI.*vBK11H,EK22f;, KODYX(2),
KODY (2) ,EMTOT (2) ,SFTOT"L(2) ,FT0T (2) ,PRTOT (2) ,SEN? (8) ,
SEN(8),TF!JP(8) ,TENIN(8) ,PRACP(2) ,PRACN(2) ,BM1EP(2),
SDA CT(.3) ,VM14Y (2, 2), NODT, NODJ, K0rJTDT, PRs2 , P21 ,
PMX (3,2,2) ,A1I(4,2,2) ,A2 (4,2,2) ,
PFAC, RATIO, DELTY,KODYX1 ,KODY 1 ,XPP ,X3RE, EAL1 ,EALI,
EAL6,EAL7,EAL8,X5,Y5,P5,X6rX5Do Y5Do P5D, INDRE,
PEST (44L)

C
C
C
C
C

C

'ENERATE P-DELTA HYSTERESIS CURVE

RESIDUAL E'LONGA1'TO N, PE
SL. END= 60. /P ATOR=. J175* (0.55*?T3:E/StEND+.0.00?'*X3RE**2)
R E RE* FL/D ELTY

XXP2RE
KPP1l.41(22
BETA=1 ./3.
DE N05=(XPP 1-X 3PF) + (1 . }PFAC) /BETA
KN UI R= XPP° X3RE--PFA C
f5=.Ar I0*X UR/DEN
X5=XPP-Y5/BETA
SLOP4= (Y5+ PFAC) / (Y5- 3RF)
EAL4=EAL*SLOPf4
SLOPS= (1. -Y5) /(XPP1-X5)
EALB=EAL*SLOP8
X6 =X5- Y5-PFAC
?APP=KPP-RFE

c
RETURN
END
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c
'C
c

SUJBU)UTINE VRTX1O (/FACAC/ ,/DVAX/, /SEP/./TTIME/)

AXIAL STATE DETEBMINATIVN IN TENSTON_ AND VERTEX REGIONS

:)MON A/NFEL/
1
2
3

6
7
8
9

IM, KST,LM(6) , KEO M, FL rCOS A, SINAAA(2,5 ) ,EK11 ,
TK22,EK12,PSH,EAL, EK11H, EK22H, KODYX (2) ,
KODY(2) vBMTOT(2) ,SFTOT(2) ,FTOT(2) ,PPTOr (2) ,SFNP (8),
SFNN (8) ,TrEN P(8) ,TENN (8) , PRACP (2) , PRACN (2) ,BMNEP (2),
SDA CT (3) ,BF Y (2, 2) ,NODI, NOD.J, KOUTDT, PR12 , P21,
PK ( 3, 2, 2) , Al (41, 2, 2) , A2.(4.2 , 2),
PFAC,RATIOvDELTY,KODYXI,KODY1,CPP,X3RE,EAEAL AL&,
FAL 6, EAL7, EAL8, X5,Y5, P5, X6, X5D, Y5 D, P-5D. NDRE,
IVrTX ,IEL.OG,VTOT,XTCT ,VPACP, VPACN, VENP, TV EN P,VENN,
TVE NN , PYP , PYN P YNC, R EST (30)

c
c
C

C
C
C

c

c

C

C
C
C

INITIALIE

FACAC=O.
110 FACTOR=1. -FAcAC

K 3DYI =KOD Y 1.+l
I F (K:)DYI .EQ. 10) K ODYI=ll
3 TO (2) ,30, 4O,50) ,KCDT

)DI SL)PE 3), ELASTIC, GET FACTOR FOR STATUS CHANGE

20 DSEP=EAL*D VAX
IF (DS EP) 21, 60 ,22

21 FAC=(?YN-SEP) /DSFP
IF (F&C.3E.FACTOR) GO TO 23
FA CTOR=FAC
SE PPY N
cK)DYI=1

SENP(5) =-PYM
SE NN (6) =PY N
TENP(5) =TI ME
rENN(6) =TIM E
3 T3 60C

22F C=(YP-SE)/DSF?-'
IF (FNC5E . FACTOR) 10 TC 23
F A CTO R = FA C
SE P=PYP
KODYI=9
.3)3T: 60

23 S EP= SE P+ FAkCTO R*DSF P
%3TO 60

OJi SLO PE 1 , 'GET FACTOR 70R STATUS CHANGE

30 DS 1=EAL10DVAX
IF (EA Li. NE.O0) GO. TO 314
KODYl=3
IY RTX=?'
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33 TO 80
C

34 IF (DSi1) 31,6032
C
C BUCKLED BUT LOADING
C

31 KO DYI=2
30 TO 40

C
C B3 CKLI NG AND CONTINUING
C

32 FAc=(PYN::-SEP) /Dsl
IF (FAC.OE. FACTOR) GO TO 31
FACTOR =FAC
SEP=E'Y NC
KODY13

C
C UPDATE PLASTIC IEFORNATCN
C

VP ACN= VP&: N+FACTOP *DVAX
10 TO 70

C
33 SEP=SEP+FAC'TOR*OS1

C
C J PDAT E PLASTIC DEFORMATION
C

VP AcN=vPA:-N+FACTOR*DVAX
;0 TO 60

C
C ON SLOPE 2, GEST PACTOF FOR STATUS CIRANGE
C

40 DS2=EAL*DVAX
IF (DS2) 41,66,42

C
C BUCKLING AND CONTTNUhINC
C

41 KDDY1=1
'O TO 30

C
C BUCKLED BUT LOADING
C

42 FAC=(PYN:-SEP) /DS2
IF (FA C.GE .FACTOR) GO TO 43
FA CTOR=FAC
SE P=PY NC
KODY13
33 TO 70

C
43 SEP=SEP+FACTOR*DS2

30 TO 60
C
C ON SLOPE 9, TENSION YIELDING
C

50 IF (DVAX. LT.O) GO TO 51
0 VP=FA CTJR * DVAX



95'

XPP=XP P+DV P/DEL.TY
VP ACS= P VPLP+D VP

0 TO 110
C
C Y IELDEDU BUT UNLOADIN4G
C

51 K:)DYl= 0
X3 BE= X PP FAC'
;3 TO 20

C
60 EFACACFA AC+FPACTOF

IF (FAA .LT. 0.9499999) GO TO 10
RE TUIRN

C
70 A CAC= AZ2 C +rAC oF

IViRTXK= 1
C'

,80 P HI-=P Y NC/P YN
C
C = .)DIFf TEF SLOPES O? -4 ST'GNENTS ON u-P CURVE TN COMPRESSION
C

DD 90 K=1,2
00 90 J=',2
D) 90 I=1,2

90 Al1(I, J,K) =A1 (I, J,K) /PRT
C

DD 100 K=1, 2
0) 1Cl) J=1 ,2

100 P1X(1,J,K) =PHI*P'!X (18JrK)

110 .1 TURNi
END
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SUBROUTINE FST 1OB (/S /, /KCB/)

c
c F )RM 2 *2 FELXULRAL STIFFNESS
c

MlMON /rNiFEL/ IME?,KSTrIM (6) ,KG11OM,FL,CSA,SINA,A (2,5) ,EK11,
1 EK2 2 ,E KI2 , SH ,EAL, EK 1lH, EK2 2 H,R ES T(16 9)

DIME1NSION ST(2, 2) ,KOD (2)
c

KT!=KDD(1) +2*KOD (2)+I1
33 TO ( 10 ,20, 30,40) , KYY

10 SrT(-,1) =EK11
Sr (2. 2) =EK 22
Sr (1, 2) EKl12
130 TO 60

20 sr (1,1)=3.
Sr (2, 2) =EK 2211

33TO 50

30 SrT(1, 1 )=Er%1
Sr (2,2) =0.
33 TO 50

40 Sr (1,3) =0.
ST (2,2)=30

50sr({1, 2)=_J.
60 Sr (2, 1)=Sr (1, 2)

c
c

RETURN
END
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SUJBROUTINE OM1O
C
C E N D 4 DEN r INCREMENT
C

)MMON /IENFEL/ THEM, KST,t'! (6) KGOM, FL,COSA,SINA,A (2,5) ,EK11,
1 EK2 2, E12 , SHEAL, EK 11H, EK22 H, KODYX (2) ,
2 KODY(2) ,PEST (165)
)JMMON /WOJRK/ DVR (2) ,DPP (2) ,DBMl(2) ,R(19941)

C
KYY=KDDY (1 ) +2*KODT (2) +1
3D TO (13, 20, 30,140) , KYY

10 iDBM (1) =EK1 1*DVR (1) +EK 12*t:VE (2)0311 (2).=EI1 2*DVR (1) +EK22*DV (2)
~30TO 50

20DB M (1) =0.
DBM (2) =EK22H*DVR(2)
) TD 50

30 D3 M(1) =EK1 1 H*DVP (1 )
D BM (2) =0.

1 ) TO 50t
40 DBM(1)=0.
D B M(2) =0.

C
C

50 RETURN
ENKD

l
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331iBiOTINE YMOM .10
C
C fUZELD PROM ENTS FOR CURRENT AXIAL FORCE
C

EK22,EK12,PSH,EAL,EK'l1H,EK22l, KODYX (2) ,
2 KODY (2) , PMTCT (2) ,SFTT(2) ,FTOT (2) ,PRTOT (2), SENP (8) ,

? ~~SENN (8) ,TENP (8) FTENN (8) , PRACP (2) , PRACN(2) , BMEP (2),
4 SDACT (3) ,B-Y (2, 2) ,NODI. NODJ, KOUTDT,PR12 ,PR2 1,
5 PX (3,2,2),AI (4,2,2),A2(4,2,2),POJT (63)

c
FA CC-1.
0J3033IEND=1, 2
FFT=FTOT(E END) *FACC
FACC=1.
FAPCT.
3 3.1)J=1,2

FAC=-FAC
1))J 13 I=1,3
IF (FFT.L. PMX (ToJ,TFND)) GO TO 20

10 :')NTINtJE
[=4

20 BBMY=A 2 (I, J,IEND) --Al (TvJ oIEND) *FFT
[ F (FAC*EBLIMY. GT.0.)j BBMY=O.

30 BMY (EN1D, J) =B1MY
FAC=-BMY (1 , 1)
8N1 Y (1 , 1) _-BMY (1 ,2).
13 MY (1, 2) =FAC

C
RETURDN

END
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