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_ABSTRACT

A method is presented for analyzing the elastic-plastic be-

~ havior of frames which account for the reduction of plastic moﬁent
capacity due to the presence of axial force. A computer program,zbaSe&
on the one originally developed by Wang andamodifiedgby Harrisorn, is
presented. While the original program.couldproduce‘the elastic-plastic
WR>Tloéd-def1ection curve for a frame, it could not account for the grad=- S
ually decreasing bending capacity of the frame members which resulted
from the increasing axial force present. in them. "Theifeported.program,

has been modified to include this effect.

Afi éxplanation of the basic method useéd by the original pro-
gram is presented. Following a discussion on the interaction of axial

'fOtC€4Wifh?mﬂmﬁnt,gapaéitY5.ﬁhé:new:mgthodtisépreéentEdﬂandfthe re-

quired modifications to the original computer program are described.

Explanation of-input;data_an&.aamplé-runéfhaveQBeen included.

- Some possibilities for design use of the pvogram are pre-

4

sented an& discussed in detail.

"MwPFthQmﬁwﬁnd;limitaLiDnS.endcunteredﬁinMthe@HSéecd%ihewp@@;m

b
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gram are discussed and several suggested solutions to tb?se'diffiQELFiesn_

raxe outlined.
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_ ~ ' 1. INTRODUCTION
W%fn a structural steel section is subjected to some'%xial force
P, its full plésticfﬁoment, Mp’ is reduced-fb some 1eSs¢r value which is
5 called the reduced plastic moment and is denoted by’ﬁbcf The relation
- between P'éﬁd_Mpc can_be_dg;erminedwaﬁalytiCally for most cnoss-sectionso}fz
—+ Consequently, if P has some known value and if the relationship between
) the loads applied'toffhémemberHan&'the;moments induced in it is knowﬁ,
~ then the load required to form a plastic hinge at*SGme_poiht in the
member can’éISOfbe.determinEd. (When thejnoment.in.a.mémhér;reaches Mp
(of no -axial beee—isfpxesent)ﬁorAMié, a plastic hinge is said to have
formed. Rotation can occur with no change in moment.)

However, if this member is a part of some frame its axial force

will usually be some complex function of the loads on the structure. The

problem of finding the frame load required to-form a plastic hinge at a

particular location therefore becomes much more involved. A direct

JPRESOENFARS-S ———

solution to this probleém is difficult and a trial-and-error procedure.

‘becomes the logical approach in thé analysis.

A method is presented in this report for determining the load-

S Lkt . N Rt o AR B o S P Y W N e = it teenan o A JE R T I T LIS FTNLY

P S R L Y B et s, O 1 Ry

deflection history of a frame, accounting for this axial force effect.

_For the purpose of explanation and illustration the simple one-

bay, one-story frame shown in Fig. la will be considered. This frame is

used to approximate the behavior of the bottom story of the six-story

B

frame in Fig. 1b.
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;Eacﬁ~colﬁmn top'ioad of 5W corresponds to one-half of the gravity-

el | ot .
loading on the upper stories of the larger frame. The lateral load used .

_will be some percentage of the total gravity load. Designation of a par- .

ticular percentage fully defines the relative proportions of the lateral

and gravity loads.

iThefaﬂalysié_repcrted=is.hased.uponajmetthQfor Performing a -
first-order, elastic-plastic analysis of a general plane frame which
ignores the effect of axial load. The method was originally developed by
C. K. Wang’ of the University of Wisconsin and later modified by H. B.
Harrison™ at Lehigh University. The approaches to the élastic-p1asgic'
analysis developed by Wang and Harrison relied heavily on the use of a
computer as dQeS.the-approaChjpfeSented here.. }HQWGVQﬁ,'an'understaqdigg_

of the mechanics of the computer program used here is not necessarily a

_ngﬁzgguisite to an understandinghofbtheagethodw The-rep@rtis“organized

with this purpose in mind. 1In the second chapter the theory of the -
Simp1e~plastic.goﬁputer_énalysis-as.Wangfand_Harrison-deVeloped-it is
pfésentgd, Thé-chapter~alsoaexplains the interaction bétween axial

force on a member and its moment capacity. Chapter 3 deals with the

éfﬁﬁct-th&t,aXial'fOrce_hanOnnthe analysis of a frame. S

The computer program used in the analysis is presented in chapter

four. Examples of input data and output results are discussed and some .. .

" of the major difficulties encountered are mentioned. The fifth chapter

~— et A AR 5 Aea(R IR © Eveaen e R £ AR e RS £ T TRY 2 £ | L Eofasn L A TU AT A

__contains an analysis of the example frame mentioned above. Much of the

data obtained from tHe.computer program is explained and discussed.

.y

It is hoped that this expianation along with the accompanying

examples will enable ore who is unfamiliarwith.cgmputer me thods to make

T
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intelligent use of the program. Also, for the benefit of those who may
) T » & :
wish to attempt further modifications and for those who have some pro-

@- .

gramming backgrogndand desire more detai}ed informéfion,_g_ﬁlgdeiag;gmw_Wmm.

2 T D ) T AW S A T 4 ) Fo T

i Sy b

T ot A S e 1 LR DS T
T

for the main program is contained in Appendix'A. A listing of each sub-

routine used in the Fortran program is contained in Appendix B.

S a1 3. T 1T S8 e

T I R R TP S S
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2, BASIS OF ANALYSTIS

2.1 THE ELASTIC, SIMPLE-PLASTIC ANALYSIS

The elastic simple-plastic analysis, as developed by Wang and
Harrison, provides the .foundation for the methodjsf:analySis reported
here. A schematic load-deflection curve, typical of Harrison's solution

is shown in Fig. 2, where H is the lateral load and A.. is the sway de-

H

——

determinesfﬁhe:Siope:of line OA. Point-A represents the formation of the

fifSt"plastic‘hinge-in the frame and it is located as follows. At each

of i possible plastic hinge locations in the frame, the moment corre-

sponding to a given load can be expressed as:

in which m, is the moment resulting from the application of a unit load

to the frame and H is the applied load. If axial load is assumed to

have no effect, a plastic hinge will form at a point when Mi = Mpi'

The_1OQQLiOHWQHQ;lQéQWQQEXQQQQndinguigmthewﬁoxmatianhofmthemfixstwmmwwmmeﬁﬁﬁm;mwmn;

. plastic hinge can be determined by.substituting.M-,.forZMibin~Eq, 1,

Pl

3 Ay i

solving for H, and then selecting the lowest value. S S :

at the location of the plastic hinge (shown as (1) in Fig. 2) and

The analysis continues by inserting a real hinge in the frame
.

N

flection of the column tops.
1

g | et . .-

N i
.
L ra e . N
o .
3 o I T il e D B o O e S |

e
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performing another elastic analysis. In this way, new values_of mi~are-

found, and'the slope of the second segment is determined. A new version

of Eq 1 can be wrltten in order to locate point B whlch corresponds to |

N P ate e £ 0 A ] Ee Ay

the formation of the second plastic hinge.

11 Hl + ml2 H2 = Mi | (2)

Double subscripts have been ‘introduced to the m's to indicate
which point or location on the .frame they refer to (i).and which elastic

analysis they result from (1l or 2). For values of loadibetweentﬂizand

eHé.(see Fig. 2), Eq. 2 computes'thefmoméht'at each point. (Note that

miz = 0 for the first plastic hinge location due to the presence of a

real hinge there). As before, substitutingpMpi for M., solving for H,,

and selectlng the lowest value will locate p01nt B on the plot.

The procedure of analyzing a successive series of eladstic

frames with real hinges at the plastic hinge locations is continued until

\l>.

“a failure mechanism forms, as Indlcated by a horizontal liné for some

appropriate load-deflection plot for the frame.

In general, the-equations which govern the loads corresponding to

the various stages of hinge formation and the locations o6f these Hinges

.can be written in the following form. T

1,1 Hz + ml,,,,z_ Hz' T e par ey TP Be T M

B ot my Byt My By gty By S

g 1 - nu s -PM bl Y -\-wr- 4-m ey ra \ B L R Ol T i Ll D e I e it L T R e R S e T I O MG BTIMLA BT BN N wem e s um L

help Mo MM,

g sy f Koo e o i 1 | g g § e e
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in which h is the number of”the:plasti¢ hinge,under,inVéstigation and . a

is the+number of possible hinge locations for the frame.

- The values of H are known between H, and H_ ., inclusive by

previous calculations. Also, once Hlf HZ’ . e Hh-l gre found, their
values do not change as additional load is applied. .Therefore, Eqs. 3
are a serieg of equations infone:hnknown with each equation resulting
in some value for Hh. Comparison of these values determines the
location of the new hinge. A similar series mist be examined fbifeach.
i

new“hingex Because the values of H g ¢ *;Hh-l do not chaﬁge‘aftgr*

17

>

they are first determined, one pass up the load-deflection curve is
sufficient to evaluate the complete load-deflection history of the frame.

In other words, once a plastic hinge forms at some point, it is not in-

fluenced~by any additional load that may be:plaéed.on the frame at a ' i

later time.

It should be noted that regardless of the magnitude of the
ZQQlumn;tgp loads in'Fig, 2 they have no effect on the capacity of the
frame when it is analyzed'in:thefgbﬁve manter, since it is assumed that |

the presence of axial load in a member has no effect on its moment

capacity. The validity of this assumption is investigated next.

2.2 THE EFFECT OF AXTAL FORCE ON MOMENT CAPACITY o

sramaee e A e " T ARSI TR TN T A AT AT A o BEY AP Tw s o s s Arm om0 BTt YA (N AL iR Nehas et e LKLY 2 g v o wigqinns . Pr— " - . . R,

If a member is subjected to some sxial force P, its available

moment capacity'M is reduced. This reduced value of MP’ defined as

v e g ol A 1 b A S A T s

it e e s s - edypgroc o st o e -

v

)

5 s 2k s ki ias ’ g - s 23 e st

~ 7 My, can be determified analytically, and for most sections, curves |

and equatidns]haVe been developed which relate P to M.pc once M and

the yield lo.adi‘I?y are anan}’z For most wide-flange shapes bent about ﬁ




. simple expressions can be used to approximate them.

their major axis, such curves fall in a relatively narrow band, and

—

I

N o - e
- mecge

Figure 3 shows a non-dimensional plot of the moment veréﬁS‘éiiaI;"
force relationship for gtrong;axis bending of wide-flange shapes. The
solid curves represent the upper and lower limits of the exact inter-
action relations -for wide-flange shdbgs.z Tﬁe dotted straight lines
are the uéual-approximations for these.éurves as_suggested‘in Ref. 1.

The approximate curves are expressed analytically by the following

equations:

M =M . (0<PX.15P) i

M =1.18M (1 - P/P (,15P <£P<P) '5)
e o A-BR) (ISR <PSR)  0)
Note that Eq. 4 indicates there is no reduction of moment
capacity due to axial force if P is less than 0.15 Py' The limits im-
posed on the application of Eq. 4 therefore provide an upper bound to. -

the axial loads which may be present in a structure if an elastic simple-

plastic analysis of it is to be valid. TIf the axial loads reach some = _

v Eq. 5 must be used and various modifications

in the analysis are required. These modifications are the subject of

value greater ‘than 0.15 P

the next chapter.

.. . B
R xR R e it e e L T T ST

e i
( ]
.
1}
3 o - g " . AT L I ey R o e e . o L . .
min it sscen s s s syt e 2l ooy reashadd e e . S Y sing = I 1 L A b e i £ ot T et i it __8 8 s s e e e s s e
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WS

v 3. INCLUSION OF THE AXIAL FORCE '

EFFECT IN A FRAME AN ALYSTIS

The effect of axial force can be included in the analysis by
-modifying the equations which govern the formation of plastic hinges in

the frame. Previously, all plasticfhigges,had to sati§£y~thejrequirements

e imposed by Eq. 3. If the effect of axial force is considered, these

et TR man .5
requirements are applicable only to those plastic hinges which form under
an axial force less than 0.15 Py,_as is shown by Eq. 4. All other plastic
hirges must satisfy Eq. 5.

The generalized forms of Eqs. 4 and 5 are

h i

3 m, H, =M =M for 0 < P < .15 P 6)
ST S | pc D — — y g
i=1 |

(7)

%m'“"z“m.iH; = 1.18 M 1 - for .15 P <P<KP
| =t Pl P y =y
i=1

V?WheIETn is the unit axial force in the membﬁrg'b-is the number of the

point on the load-deflection curve which’ ts currently beéing computed, and

T T T M RR e

Note that b is always greater than or equal to h. - The reason for this

~h--i6--the-number -of -the-plastic-hinge - theequation is -beingapptied—to -~

2 (as Eq. 3), but some additional explanation will be of value in under-

standing its function in ﬁhe‘quified‘anaIYSiSv




. A T

‘Let the line AB belowiggpresentﬁ;:e‘plastic moment capacdty:Mp
‘at -some point in a structural member whose axial force never exceeds

0.15 P . . | ; | S
R S - . ~

A . C D B

As load is placed on the structure, a bending moment equal to the unit

moment m times the applied load will be induced at‘the;peintu‘:The line
segment AC is:the:mbment,present-at the. point (mi.timeé.Hi) When:thé first
plastic hingé‘forms,in.the‘framey” (The first plastic hinge is assumed to
form someWhQre other than at the point'in‘qUEStibni)-fAdditiQnal incre-
ments of Ioa&'oﬁ‘the"frame'wilg.result in similar additions to the

moment at ‘the point, such as CD, which is equal to i, times H Lf the

2 2°

point ‘in question is involved in the failure mechanism for the frame, the

bending moment at the pOint.Will.finallyraachMp%and a plastic hinge :

will form. At this stage in the loading, Eq. 6 is satisfied as ‘shown

m. H. =+ r+ o =M )
omy H) +m, H) +omg H, M -
(AC + CD + DB = AB)

Axial force had no effect-in the abeve case—because—tt Was 1ess than the ‘wi

_____ critical value of 0.15 P . |
‘ 'y » 4

T IE the axial force at some point exceeds 0.15 7, the behavior

~of the point through various stages of loading can be traced with the aid

of the diagram below.
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—_—tt - ~“~Wf““ﬁ;

L M‘C I
P 1 |

'As before, let the line AB represent Mp for the point. When the first
increment of load is applied to the frame, some moment and some axial

load will be induced at.this location. Because the axial force P .is

—

~mwﬁ983mﬁdwtemexeeedw07%5@Py;~Sbmewredﬂﬂtiﬁn-in-Mblwill~take“placeu<'When-”wwwwwwwwm -

the first plastic hinge forms in the frame, conditions at this point
are represented by a reduction in capacity DB due to axial force and
a bending moment at the point equal to AC. Of the remaining bending

capacity that portion which is usable (M is now CD rather than CB

M)
as in the previous case. If the second ‘plastic hinge forms at this

-.lecation, the next inerement of load will cause the a&ded momentCE-én&
reduction in capacity due to axial force ED to meet at point E thereby
satisfying Eq. 7 for this location in the frame. AsS more load is applied
to the frame, no additional moﬁent-will.qccur-at this.locatioﬁfbécause'a
real hinge is inserﬁedgatfthe-loéAtion Qfﬁeachﬁplastic‘hinge:for'the_
purpose of each subsequent elastic analysis. Hence all further unit

- moments for this point will be zero. This is‘not ‘the case for the unit

axial force at this location. In most cases, the unit axial force will

AALOBT LW DTART LT AR Mal R

continue to have some value other than zero until the mechanism load is

reached. Unless the formation of a hinge at the point under discussion

T —

I e T e O

. o

resulted in the formation of a failure mechanism, additional frame loads o

will be added to those already present. In order to reach this mechanism

load Eq. 7 shows that at the location in question, the additional axial




297.21 I o . -12

force resulting from this increase in frame loads causes Mpc to decrease.

- This in turn requires aajustment~of éegments-AC and CE in order to

_;maifn1;awiﬁ__r_l'_ﬂgqgi_.l__i_br_iqm,a!,:ﬂi;hgﬂpoin,t;,.ﬁ_ R

In summary the analysis of a frame can be ‘thought of as the
determination of a series of points on its load-deflection curve. Each

of“these~points repréSéﬁtS-the‘fOrmation:Of 6ne-n6w~plastic-hinge- The

- curve becomes horizontal andithe.analysisg;érminateSGWhen;enough,hinges;

By

have formed to produce a failure mechanism. At each of the points on the - -

load-deflection curve, all the plastic hinges then formed must satisfy
either Eq. 6 or Eq. 7’dependingzothhe'vaLue-bfgaxial.force at each
point. Those for which Eq. 7 is appliqablefoperience arWeakeningwdr
an inability to carry their ‘previous moment due ‘to an increase in;axial
force as more load is applied to the frame. Hence, as éach of the

plastic hinges form, a read justment or a redistribution of moment must

take place in the frame to account for the weakening of the previous

~ hinges. This redistribution must be such that leach hinge will satisfy

ité;pertinentfequatiﬁn}, This redistribution- can be accomplished in many -

ways.

[N

One method 1is to apply some.intefnal:momentQto'each plastic

N

hinge that is effected by axial force. This internal moment would be

equal in magnitude to the redu&tioghin‘mgpent capacity at each point

due to the increase in axial force. Because the value of these internal. ..

moments’caﬁnot be determined ungil the increment of load to form the

Wt FET, | STLIET R G e

NSV iy

e At e & e : =

next plastic hinge is determined and because the increment of load

% N

cannot be determined until the internal moments are known, the problem

is;non-linear, and a trial-and-error procediure becomes the most logical
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~ternal moment applied to the frame. If a computer-matrix solution based

@

approach for computer &nalysigp This method has the disadvantage of-

introducing to the frame an'aﬁﬂitional degree of freedom for each in-

on the displacement method is used, the introduction of additional de-

grees of freedom to the frame will use up a noticeable percentage of the

frame which can be handled by a particular machine.

s

£ T o

A second approach, and the one which is used by the present

analysis, is to make successive adjustments on the various increments

of load;between:the.formatiqﬁ'Of p1aétiéfhinges-until either Eq. 6 or

Eq. 7 is satisfied at each plastic hinge location. This procedure can

'be~exempTified-by'reference to Fig. 4. The.uppér:QUrvafin Fig. 4 is

a schematic of the elastic, simple-plastic load-deflection curve for
the frame shown where ‘the effect of axial force on bending capacity is
neglected. .PﬁiﬁtSwAO, BO, Go, and Db‘representxthe.ibrmation of plastic

hingesron the‘framevapipoints L, 2, 35_and¢4'respective1y; F@rthg

purpose of explaining the method of solution, it will be assumed that

hiﬁgés’from thatfoffthE‘EIaStié, simple-piaStic anaIySis..-EOIthe mD§£

part this is a correct assumption for simple frames. However, in complex

frames involving a large numbem of hinges in the failure mechanism, it

v W e

AP mﬁﬂmwbe“ﬂHEMThtmsﬂudmmbégtnmﬁawmm

|

" the original unaltered frame which produces unit moments and unit axial

is-applied to each of these points and a value of load required to form
a plastic hinge at each is determined. -If axial force is found to be
less than 0.15 Py’ Eq. 6 is substituted for Eq. 7. In an actual

| ead-éwf;e:rgﬁ@e-aéh-weﬁ«-t-heu-r:p:@-sf&i;b.-;l;e;:h:;;n%ewA--mLeea»té;ease—aen'45h-e—wi;fame\ —-Equatten—friie
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analysis, the magnitude of P is checked against 0.15 Py for the location

inyolved and the proper equation is applied at each hinge- For this

explanation, P will be assumed greater than 0.15 Py for all members. The

g

axial force effect lowers A frommAOAtQ-A

smallest of these loads determines that the first plastic hinge forms at

point 1 on the frame and at a load corresponding to A, on the plot. The

1

1° A real hinge is ‘then in-

serted at locatiOnfl'an&jauseCQnd;elastiC'analysis is perfofmed to deter-

mine the slope of the next segment. On the basis of Eq. 7, point B, is

1

found and the second plastic hinge forms at location 2 on the frame.

T T e e B e T Gt T s e e Tt e x e e oy . Lt ey L

S T TR T - T ORI R A DI R R SRR S DI P G L AT e oL Y

The increase in 10ad~in-moving1frovallto Bl-increaSeS'the.axial force
at-location 1 and thus reduces.the moment capacity at that point. In

order to satisfy Eq. 7 at location 1, Pl must decrease to the value

represented by point A . Point B is computed again and the cycle is

2

repeated until Eq. 7 is satisfied at points A and B (Locations l-and’Z)

simultaneously. Once agreement is obtained for both points; point B

is recorded as a point on the actual load-deflection plot. Next, a

third elastic analysis on a ‘frame with two real hinges is performed

and the process repeats. Successive hinges ate introduced until a

Figute 5 is a schematic plot comparing the curves produced by
the elastic, simple-plastic analysis of Wang and -Harrison (dashed) and

the analysis including the effect of axial force (solid). The general

o pr v W™

‘trend is.for axial force to decrease the slope of each segment on the =

or the lower curve,

mechanism is formed, ending the analysis.
curve. Straight lines are not strictly correct £

beyohd the first segment. Each segment is a curve which starts at the

lower point, tangentltd‘théﬁelasticlslope for the frame (the slope of

. the corresponding segment of the upper curve) and gradually curves

Py Tl e ta o, oyt g | T S Ay & mmietiotte - - D

POk iy = B S e s g n e T P e S et tos it bt mmterpe-mriniartams
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to reach the next higher point. The curves have: been drawn straight
" because the information which is necessary to produce the exact line is
not“prOdUCed by the analysis presented in this report.
2
Yo _ﬁ, . k 4
Ea
CoT /.:QA
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ﬁ o 4. THE C OMPUTER PR 0GRA N —
4.1 INDEXING SYSTEMS i
To write a successful computer program for even the simplest
of problems it is ﬂeéessary to institute some convenient and logical
......... . .-.,..m.ﬁswy.sthemm_of.nﬁmide.n.t.i.fy.in.g.....,A...t,he quantities. involved.. . Some of. thesystems e e
used By-the program are shown in Fig. 6.
Figure 6a shows the method of identifying members in a frame.
Eagh'point-of load application is considered to be a joiﬁt En the frame
“and as a result, a beam subjected to quarter point loading is broken
down into three members. (Intermediate‘suppqrtsrin.azeontinuousfbeam
would be treated in the same manner.) Each member is assigned a number E
- , ' |
(cifc1ééAon Fig. 63) as is each member end (squares on Fig. 6a). The 2
even end number is equal to twice the member number and the odd end |
number is taken as one less than the even number. ot j
ffffffff B
These member end numbers are used to-;denti;y the internal %
férces acting on the member endsz Tﬁe'sign convention for these internal j
!
,erﬁés (Fig. 6b) iS’momﬁntSpoSitiVe,cog?ter-clOckWiSeAgn the member end é
and aXialfbrcéipdsitive in tension. The choi&e:of'aféign é;nvention,is‘ 'mmﬁ
e o L |
purely arbitrary and any consistent convention can be used. The %

numbering of these end forces is eiémpliffgd in Fig. 6b. The member
numbering system is also used to identify which location the unit moments
and axial loads produced by each elastic analysis pertain to. These
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~unit quantities are indexed in exactly the same manner as the member end

forces and the same sign convention is followed.

- The second indexing system;-shown in ‘Fig. 6c, arise S "ffo‘m the

- " need to identify deflections and loads: Each joint, unless it is

restralned has three degrees of freedom; a horizontal and vert1ca1 de-
flection and a rotatlon For each degree'of freedomﬁthete‘is a cor-

:resanding:loa& whose point .of application and direction coincides with

the possible movement. | .. b

Although 1oadS‘W111 not usually be acting at all. pOSSlble

locatlons on the frame at “one time, thematrixwmeth@ds~uSedfrequiré

~ ) Space to be r§ierved'for-all,poSsibilifieS@ Hence;, the numbering system
for loads and deflections is the same. Figure 6c ShowsthgﬁéfiéEEi6ﬁéw‘*”"
.aﬁd;IOadingupossibiiities for~the example frame. There are four vertical,
four ﬁorlzontal, and four rotatlonal deflections possible as well as
their corresponding loqu,.and.theyare=indicated.in=their positive
f directibns,,'The sequencefof:numbering:is.compietély*arbitrary although;
1is£ing-&11.vertical, allzhoriZQntal, and all rotational.qUantities in

h

LLN

sequence lends order

o
o
cn

f'l'

j

The step-wise nature of the analysis provides the need for a

third indexing;syStem” Each'pf@thE“initial elastic'slopeszon the load-

deflectlon plot 1s produced by an . elasth analysis which-also produces T

the unit moments and axial forces mentioned'previously as well as the -+

unit deflections. Eachuqf Fbiﬁg.pieces.Qimgﬁ£QWQU§wae%aS§0¢iatedwwi€h4o-~w*--”“““{L

a location on the frame and with the analysis which produced it. For

. . S .
example, a unit moment is of no va1u6~unless it is known that it applied

to location number 2 and that it was produced by an analysis of the frame




deflections. The_firstSubscriptWillﬁbe;theﬂhumberofmthe~iccafinn”"“‘

with plastic hinges formed_at‘locations'4 and 7. Hence, two subscrlpts

will be necessary to completely 1dent1fy unit ax1a1 loads, moments, and

“(2 for the above example) and thehsecond,would be a 3_if the analysis

of a frame“with-plastic'hinges at;JOcations;4 and 7 is the third :one

to be performed.

.Ajfpurth SYStemwof.sdbscfiptsjevclved.partly-because of the
‘tfialéandaerror system employed in the analysis and the resulting
necessity for the program to be able to refer to previous results, and
secondly bécaHSehcf eiﬁeed'for some mechanism to terminate the:ruh.if

convergence could not be obtained in a reasonablé number of tries. The

;prOcedurenadeted in.the~pr08ram.cou1d‘he improved on to increase its

efficiency. However, the method used enjoys the advantage of simplicity

over other possibilities.

This fourth system introduces a second subseript to the incre-

‘ment of applled load hii 1nd1cat1ng which trial number it is a result of

(The first subscript refers to the segment of the load-deflection curve

it pertains to.) For example, on the f1rst try at satisfying Eq. 6 and/

or Eq / at each of three plastic hinge locations, (1 1) ! (2 1) and

(3 1) would be produced while the second try would result in H(1 2y

(Y}

4.2 INPUT DATA

After labeling the various quantities in the manner described

"in Section 4.1, the data required for an analysis can be assembled.
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The- prﬁgram is -designed to accommodate more than one analysis

—_—

TiWithreaeh run so at the start of each analysis an identifying frame

number JJ is read in. This number may be any fixed point Integer from

0 to 99999. It is used as an identifying number which appears on the
firstepageﬁof’the output for each analysis. In addition, after the data
for the last frame to be analyzed, a negative frame number ®hould be

in¢luded. This will serve as"a“trigger"to terminate the run.

Next; in order that the program might-conétruct.internally&
several of the arrays required by the analysis, two more fixed point
integers are input. They«ére-thé degrees of freedom L and the number of
members NM. (For the example frame L and NM would be 12 and 5 re-

- spectively.) From NM two other quantities are. found Mh]_ch_are_ alsg__usedr_,___,______

internally for matrix operations:

N =3 x NM | (10)

where M is the humber‘ofimemﬁer:ends in théfframe and N is the number of

internal forces in the frame.

, The statics matrix A which relates the applied loads on the
frame to the internal member end forces follows L and NM as input‘data.
The matrix is determined by knowing that for each degree of freédom,in“
o ommeew e cthe-frame an equation of equiTibFiun €an be Written, T T
For example (see F1g 7) the upper left column top JOlnt on the

frame of Flg 6 produces 3 equations.
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F =0

e , - w5 z - PZ , (11)

™M
i
o

W, =P + - (12)

Wy = M, + M, (13)
Writing equilibrium equations similar to: Eqs. 11, 12, or 13 for each

.4

degree of freedom in the frame;and'presenting the results in matrix form

I resultsin the statics mat¥ix of Table l. The &ize of this matrix is

(L x N).

The development of the statics matrix for ajngn—rectangplar
frame such as a. gable frame is more involved, but the same techniques

A 1ist of section properties for each member-in the frame follows - . |
the statics matrix. The four variables required are indicated and defined

below:

rd
<

"
o

o .

where E = modulus-of‘elasticity, I = moment of inertia, A = cross-sectional

area, and { = member length.
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A load set number, KK, is next in the input-data. It is
treated in much the same manner as was the frame number JJ above. KK
is used to identify a particular load set on the output and if it is

| negatiVe,'the program assumes there are no additional load sets to.be

applied to the current frame and goes to the beginning to see if there

is: another frame to be analyzed. As mentioned previously, should it
encounter a negative frame number there, it will exit from the program.

f‘i

Following"KK.is%a~cblumﬁzﬁafrix (L x L)ﬁbf'the-appiied.loads. The:leadl
quarter points of the beam and a horizontal force to the right (equal
in'ﬁhe~magnitude to the gravity loads) applied at the left column top
appears in Table 2. Note that all possible applied forces must appear in -

the array even if they have no value for the given loading case.

For a particular frame, any number of 1oad'sets:mayfbevapplied
during a single run with a negative KK as the final card in the deck of
load sets. A sample deck setup for the analysis of two frames with two

sets of applied loads each is shown in Table 3.

— ' Experience with the'Lehigh~GE225¢eomputer~haS‘indicated that a—- —
card with "END" appearing in the first 3 colUmﬁsaéﬁould,be the last card
in the data deck. With the large number of data cards required for

each analysis, it is quite conceivable that one may be 1ost-causing the. e

machine to read into the next analysis or even the next. program in its. == . .

P e it o et v s

A T S e g T T s L £ e it N

- attempt to obtain the required -amount of data. Encountering any card

withmélphaneumeric characters on it will halt the analysis.




. 297.21 o -22

-

In the preparation of the data for an analysis, care should be

taken to use consistent units throughout. All of the numerical examples

in this report are based on kips and 1nches. L

4.3 PROGRAM OUTPUT

Copies of the program and.SGme;eXample outputs are contained in
their eﬁtirety-iniB and C. Most questions:gqpcerning specific.diffig

cilties can be resolved by referring to this area. However, some: gen-

erai»exglanatinniis in order and this can be found in Table 4.

4.4 PROBLEMS

4.4.1 Storage Space

The program storage requiremeﬁt81severely'limit-the size of
frame which can be accommodated on all but the largest machines. Several .

‘alternative solutions to this limitation are available.

The simplest and perhaps most obvious move would be to use a

larger capacity machine. However, this is not always p0581b1e or de51r-

able. It seems that regardless of the available machine capacity, there
will always be frames of interest which exceed this capacity. Hence,

several things have been done to the program to economize on the available
7 R L

. U g P G
N e - e — e R R DR BIPRRL Y o et it e e s o e 2 TR Tarmte., ey 5 E T .

s = gy EER I e TR St AT T. 3 o T ; :

e A e L1 e AT =, ¥

T e eepae ity " Within a Partlcular machine .

One way to ellmlnate'wasted storage 1s to utilize common storage emanee .t

. - A .- e .

B L R — porony — - T £ T A e e it L Tk ais ] A TS £ b o e s e B feakl lb

- 'Ordinar11y~1f eaeh~e%%fwersubfeutines“use"a“variable'of the same name,

it is considered by the machine to be two ‘separate and discrete quantities

in"each of the subroutines. If it is desired to transfer the value of

PR 7 S ey e




297.21 o - - S -23

this variable from one subroutine to the other, it must be listed in

——

the subroutine call statement as an argument. As a result, althofigh

P ATt S e S b e B e S 3 e

both subroutines are using the same variable, two storage locations are
required in tﬁéﬁmachine memory. If thisvariable,is an‘array of 100 | | |
points, 200 locations would then be required. By listing the variable

io.identioal common statements at the beginning of each subroutine,
;eaehﬁsubroUtine"wiii store the vaIueforfgelues»oﬁ thedvariable in the

‘same or common storage lacations ‘so they will be freely available to

T E
°

each.

_ Hence, o6ne location is all that is necessary to store one

variable. The program contained in this report uses nine subroutines.

and a main program. The use of common statements reduces its data
storage requirements to one-tenth of that required previously.

tapes. With most installations, it is possible to store segments of a

;programton'tape.until they.sre=ca11edff0f by othersegméntsuof:the

program: It is alsO=POSsible*to store data on tapes for future use.

. Although, conceptually it is possible t

simultaneously to reduce storage requirements, most machines lack the
necessary hardware to accommodate the large number of tapes required ° I

and only one can usually be used The reported program uses tapes for )

- R L
ap PRt T e SRR MAATER e T O T S eI T G Wl T AT SR P il =

. - . S Are . mPes ~voe (TuE P
R T e N R S “T PR S EREY L B W WP PR RS oM STaeafunn TS SWNTAT PN e el TR T S e 3

wdétéwstpragegOnfthe GE225 computer, three tapes are needed to accomplish .
| | Ke
N ~ this, which comblned Wlth the systems ‘tape which controls the program

e W - . -
B rdr e 1400 i RATRLE = e [ e
plni il Rl Rl - LT T

,7..7‘__«,_A PR A e Q& Al et Sk e asinksakiely ﬂ_gt,,_ Pminfert gy

4

... execution, equals the total.tapewcapacity of the machine. ~~ww~wwww«wMM~«§~m~u§%
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~ particular machine.
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Of the methods used to fit a particular size frame into the

 storage available within a given machine, the above mentioned ones are

concerned primarily with making more efficient use of a machine through

modifications to the program and its—use of machine hardware. However,

it is possible in some cases to decrease the size of the data arrays

which must be stored. If some beforehand knowledge can be obtained,
‘either through hand calculations, another program, intuition, etc., of

the location of the plastic hinges .in the failure mechanism, the loads on

members which are not directly involved in the mechanism can be replaced

~ with fixed end moments and shears. This, by eliminating some degrees

of freedom, will reduce the size of all the arrays involved and may

mean the difference between running a problem and not running it on a

442Change1ngthe Order of Formation of Plastic Hinges -

.. ,As was mentioned in Chapter 3, during the trial-and-error
procedure to satisfy either Eq. 6 or 7 at each plastic hinge location

on the frame, successive adjustments are made in each of the legs of

e kT

the load-deflection curve. If, fofé;;mpie, three plastic hinges are
present in the frame, the first to form and the lowest on the load-

deflection curve is in the beam (a member insensitive to axial load),

SN :. P ,._.,.“;.,..,.‘.w._a.,..,;; e O D ...'.M It 4R ks S E v smet o e ey sy e e 1 o e v i e g g T e T, e oo At O <t M T P W Y. S S
thé second 1§ in the column (a membetr sensitive to axial Toad) and 1f€;

the point which is being investigated for being the third and next

‘o

hinge-to—form-is-a-loeation-Hith-a-large-amount-ofremaiming momernt "~

capacity,, the following is 1ike1y' to occur. With each trial, the

location of the first point on the prt will not vary noticeably because

- of its comparative insensitivity to axial load. The second point on the

e e g e Aay b e g % * Ay b 1 meedt AL L% e b aT M T 0 Msube o hteme o4 = e - mveeem e e e me— [PPSOV . e S LR L L L e e . . e s . . B P



plot ﬁill however be lowered due té_the increasing axial load at its

- | location resulting from the third increment of load. It is conceivable

that the length of the second segment CQUid’beh?edﬁqed“to;zgro;ora

negative value. Zero indicates that plastic hinge Nos. 1wand 2 now
form.at“identical‘loads. A negative‘value for the second segment in-

dicates that now the plastic hinge that previously.fbrmed second will

form first. In other words, there has been a change in the order of
”fbrmapion of the hinges."This;however,doesnot_imbiy fhat”if'the

frameywere to be tested the plastic hinges'wou1d:ﬁormrinfthisznew:order. -
.bg;=rather that.ghe equation governing the_Second;hingeinbﬁ is satisfied

at a lower load than that which satisfies the equation governing the

first hinge.

The solution to this difficulty can be shown with the aid of |
Fig. 8. At the point where this change in hinge order occurred, frames

A, B, and C had been analyzed. Traveling.ﬁp the load-deflection curve

s,

entailed utilizing,thé;unit>moments,and.axial loads, etc. from these
elastic dnalyses of the frames to satisfy the governing equations at

each plastic hinge. (Eqs. 6 and 7) Now, with the negative second

~segment and with the resulting new order of formation for the hinges, a

‘new frame must be analyzed (Frame E in Fig. 8). "After this frame is

analyzed the regular analysis can proceed using the unit values of frames

MWmwmwmmmmwﬁmw@m@E;AQWE,Waniwainm&hemusuaLdfaShieﬁvw@$fiby§éhance“the'setund”Ségm@ﬁt“ﬁéﬁ”“w“”“”““””“”¢

»xﬁmw5é55ﬁé“éigéfiy”éégo;manélyses”bf'fféﬁeS-A and C would be_sufficient'and

_.no.new.frame-a

to identify a given frame with hinges at various locations and how to

One of the major difficulties involved in this procedure is how l
|
I
i
Z




record whether or not it has been previously' analyzed. This may seem .

to'be a trivial problem until one considers that for the €Xample frame,

with an ass-ump»tion that four hinges would be required in most failure

mechanisms, the computer could be called on to analyze any of more than

50 different frames. In view ofh the storage problems mentioned above,

= | numbering a-11 50 would use an excessive number of machine storage |
locations. The solution to this problem would-be based on the c;reatioo-
of a column matrix whose 'n-umber of columns equals the number of hinges
in the failure mechanism (more if the exact nu?nber is unknown). Each
row would record the analysis of one frame. If hlnges formed at

1ocat10ns 4 7, and 11 (in order), the first four rows would be as

shown below:

This array indicates that the first frame analyzed contained no plastic

hinges, the second contained one at location 4, and so on.

An element by element search of this matrix would determine
whether or not a given frame had been analyzed and, if it had been,

which one it Wa‘s"(first eecond third, or ﬁfourth. analysis).  Knowing

CaitAD T N tARE e

e e e A BT ST Bf "Ehe” “frame 1A Which™ certai_'nmbias £ic

hinges were present

would allow the program to locate the unit. ax1a1 forces, unit moments, and
e \ utrrﬁcﬁflectlons pertalnlng to that frame. In summafy, once a change
A - in hinge formation occurs, reference to the above matrix would deter-

mine if the new required' frame (Frame E in Fig. 8) had been solved.

If not, it would be aoalyzed and that fact would be recorded in the

SRR




297.21 . 3 |

matrix. If it had been previously analyzed and recorded the analysis

could continue immediately using the previously computed information. -

From the standpoint of storage, note that this matrix would require

e P e 4 T T A R e e S N e Pt
e T et NG S~ LR S e s T R R e I P e

approxim&fely twenty-four locati6h§>£orecord all pertinent data as

!

compared to fifty or more locations if all possibie frames which could ¢

be analyzed were simply numered. The occurrence of the hinge reversal )
phenominon increases ra%idly as larger frames are encountered, and it
~1is din this area that the ease of identifying frames with this matrix

. becomes most apparent. For frames only slightly larger thén the example i

many storage locations as there are possible frames to be analyzed.
I "J
|
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FOR THE EXAMPLE FRAME

Much of a computer‘program's value lies in its ability to
pérform awlargendmber of computations id-a.shggtuperigd.of:time. The
program contained in this report produces a complete load-deflection
history of the example frame under.some‘prescribed‘loading in approxi-
mately five minutes on ' the GE225 machine. Therefore,‘withmdnly”a.-
minimum.of eftort.on the part of the operator, curves can be developed

Whlch for a given frame, will completely predlct the behav1or of the

frame throughout its range of loading possibilities. The development

of such curves for the example frame 1s the subJect of thlS chapter.é ;

T —

5.1 BOUNDS ON POSSIBLE FRAMES

If the only limitation imposed on the construction of a frame

— Y that its geometry must coincide with that of the exanmdécframe,—an

almost un11m1ted number of such frames could be constructed from the

various rolled steel wide-flange shapes-aVai’lable.5 However, many of

R s o) toam.

_these p0531b1e frames would behave in a similar fashlon when subJected

o -

to_the same loading. Therefore, if some bounding cases could be.

analyzed nearly all behav1or p0581b111t1es could be predicted Wlth a

vt

......... Pmimnisarn amviare el
2 .

minimum—of*efrort.

In order to pick such bounding éases, it is"helpful to use sormie

parameters which indicate some of the properties of a given frame.
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- The first of these is the ratio of the column stiffness to

e beam stiffness, G, as shown below

yd - —— | L /4 — : —
| /// . | G o o C M | (15)

I/4,

where I = the moment of inertia of the column, L, = length of the

column, Ib = moment of inertia of the beam,’and.Lb = length of the
beam. The second parameter is the :slenderness ratio, L/r;“where

r = the radius of gyration of a section about its major axis.

~ For most building frames, Ref. 6 places the upper and lower

limiting values of G at 3.0 and 0.5 respectively. For each of these

values of G, several combinations of L/rx for the beam and column are

9. represents some—  — — |

hpossible,__Hsing,some-commonAvaluesnoiw&ltirgEig1
-theoretical possibilities for each extreme of G.

In general, for most frames and in particular for the example

“.1 _£rgme,_manyxothhe possible CombigationSjof G3,L/rx‘fbr the column,

currently available. For instance, for the example frame with

4 = 180", a G of 0.5 would require that

"and if, | e | . | , ' o

i
, and &[rg-fﬁr-fhe beamAcannOE'be.constructed?ﬁith;the‘rolled shapes

WL L WS

‘7'32\1
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"x, = 6.0 (19) —
c : | ;
and | | %
r = 14.4 , L (20)
X
) b
. The "Plastid Section Modulus Table" of Ref. 5 shows that there are no
rolled sections with rx'a514.4'whose moment of inertia equals approxi-
:gétely four times the moment ofiﬁértia,ofaéﬁ§ section with rx;a 6.0.
(The;sections listed in the "Plastic Section Modulus Table" have been
’rearranged and 1lsted for convenlence in Table 5 in order of their _
radius of gyration.) Similarly, several other combinations'of.L/rx
and G are impossible to construct for the example frame and all such
) . cases are indicated by crosses in the appropriate boxes in Fig. 9.

Frames satisfying the conditions'corréspandingftp each of the
remaining boxes in Fig. 9 can be constructed and: two typical cases are
indicated by circles. ‘The?aqalygis OfAthESeg?WQ=caS¢STW111ZPrQVide the

'boundswmenti0n5d~abave on the behavior of the example framea

e 5.2 RESULTS FOR EACH CASE

~Figure 10 shows the two frames represented-by the circles of

Figrt9. The case‘of G = 0. 5 Wlll be referred to as the strongvbeam-

STV PN

"weak column case whlle for G 3 O the term strong column-weak beam

will be used The sectlons 1nd1cated on the frames of Fig. 10'were

ey s i B S S

e _ chosen by the procedure explained above (Eqs. 15 to 20).-

story of a six-story frame which results in a 5:1 ratio between column

As shown in Fig. 1 the example frame is assumed to be the bottom
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top_ldéds and beam gravity loads. | The ratio of a point load on the beam

.. to the sidé lbad_is given by B.' For the six-story frame the side load

is given as a percentage of the total vertical load by 100/12 B.

F)

Figures 11 and 12 are plots of horizontal ioad tersus horizontal
"deflettion of the columh tops for several loading conditions on each
:frame. Each curve represents a different ratio of horizontal to

vetttcal 19ad§ng as ihdicatedhhy the values of-B; .The horigontg}_lgﬁdfs

as a percentage of the total vertical load,. is: also. shown, . . i __

Each point shown on each curve corresponds to the formation of

a plastic hinge in the frame. The location and order of formation for
these hinges is shown on the small diagram of the frame at the end of

~each curve. The numbers located next to each plastic hinge indicate. |

the sequence of formation.

Note the preponderence of sway mechanisms for the strong
beam-weak column case and the corresponding presence of beam mechanisms L
for the strong column-weak beam case. The relative strengths of the ___ ;J

beam and column obviouSIY play a key role in the determination of the | N

T T T

In Fig. 11 the case of H = 1% of the gravity load was not - | ﬂ

produced by the program. This is because, by c01nc1dence, the thge

— - e e N e e e e s e ot ‘!_
reversal ‘phenomenon of Section 4.4 occurs for this particular ratio of H

L
ket _* ET @ s b 0 ke Ay e S b e 8 e S0 U A O Ry BT e e B S e e :

loads. ThlS is ev1denced by cmmparlng the order of hlnge formatlonkfor - | %
;
F
b

_B___4Tl6—and~B—w—léTJT——By—%ntreducLng—slxghtly—dxiferent—values—ﬁf~a E
|

than that correspondlng to the 1% case, close approximation to the 1%

| ’ | , | | L
line could be obtained. However, this was.not attempted for this figure. |

T

4

Nur S s e ey e AR -3 R T

= Bl s Sl

T

i
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- In Fig. 11 thé'analyéfs-of the frame with B = 16.7.produced |

‘some unusual results. The third and fourth segments of the load- - n :<;{
, E

deflection plot for this case indicate an increase in frame stiffness

N éxpected because the introduction of each SUCCBSSive:plastic hinge to

- this case, the results produced by the program are correct and they

over that shown by the second segment. Thi$ would not normally be
the frame brings it closer to failure by reméving one degree of
indeterminancy. As a résult the stiffness of the frame will usually

be reduced with the formation,ofﬂeach new plastig‘hingew However, in -

can be explained with the aid of Fig.. 13.

The four frames of Fig. 13 are the frames corrésponding to

éaCh of the four segments of the load-deflection plot of Fig. 11 for

B = 16.7. Because a symmetrical frame subjected to symmetrical gravity

loading (W) will experience no side;way, the unit deflection (QH) at the

column tops of such a frame is a function of horizontal load (H) oniy

as is shown by frames (A) and (C) of Fig. 13. For an unsymmetrical ;
frame., such as (B) or (D) of Fig. 13 symmetrical gravity'lo;d will cause i
some sway. As a result, the unit column tqp defléction (6H) for such a

* frame will be a function-bf both lateral (H)'andgravitYGW)>lbad§[“"

The fram28~ané1yzed to produce the lower curve of'Figi_ll

(B = 16.7) alternate between the symmetrical and unsymmetrical cases

_ shown by Fig. 13. Hence, only the second and fourth segments of the

[RSRPON =Y F

R Y Y

load-defleétLOn_curve are functions of both the gravity and lateral

W

loads. | | -

v— “ ERE SRR . < Lo . time T i et s e et T i S e VRl L i St - sy e e e S At i, o, U e b A T e s AR S hmamiaeitde w1 eAAT oY tes oA ey e

- -

" If the relative contribution of W to 5H is much higher than

that of H.as would be the case for the frame of Fig. 11 with H = 1/2% (W),
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the vaﬁue of the unit defléctioq Sﬁ'fOr the_Seéond énal&sis (frame B of

Fig. 13) would be greater than that fof the first analysis (frame A of

3Fig; 13). A flat lepe'wbuld appear on the H -,AH"pipt. Following a

o similar line of reasoning, it can be seen that the slope of the third

segmeht shou1d ingrease from that of the second segment, which it does.

Note that for the cases of B = 2.08; 2.78, énd-4.16 in Fig. 11,

none of the frames analyzed are symmetricafter:thé-fiﬁstif_Henéeé’the

[N
S ~ v ~ N

above effect does not appear.

7

e This effect can also be seen in the lower three curves of Fig.

12. Heré, however, the effect of symmetry explained above is combined E
‘With-anothgr problem. The failure mechanism for the lower three A

; » , T

analyses is a beam mechanism and as a result, the plotting of H versus )

AH is not too indicative of the behavior of the frames. For these %

three cases, a plot of H versus vertical beam deflection would be more
e e e f f
In summary, the axial force effect lowers the value of the :

| | w

load required to form a particular mechanism in a frame and quite often. %

'will cause the plastic hinges involved in that mechanism to form in a T
different.order. If the influence of the&axial.force is great enough, B
a failure mechanism which is at least partly differgnt from that pre-

L4

= ticted-by —simple-plastic: theory (neglecting the effect of axial force — — =

- Lt s RS e ekt i s e it b A A bt 8 sk

6ﬁwmbment capacity) will result.

. rons . . - - - SV =
QG cd -
174

Usually the stiffness of the structure decreases as the effect i
of axial force increases. This can be seen by comparing the slopes of

correéponding segments on each of two load-deflection plots such as those -

-«

T R A " .




in Figs. 11 or 12. Again, note that straight lineS‘aIe;ﬁot*stricfly

correct as was explained at the end of Chapter 2. However, the fact that

the—exaet—eurves for—each Segment are curves which are concave downward

in itself indicates that axial force decreases frame stiffness.

5.3 DESIGN CHARTS

For any particular frame_geemetry,“nonédimensioqalziﬂtefaafioh
curves can be.CQHStructed'whichfWiliéallpw‘rapidsandteasy-deSign of the
frame under combined vertical and horizontai loading while at the
same time accounting for the effect of axial load. Figure 14 is .an

example of suchmcurVéSfasfdéVélqpedgfor the example frame. The non=-

= - .dimensional plots were produced by‘analyzing.the'two‘bouﬁdiﬂg-frames

of Fig. 10 under various combinations of loading throughout the range
of p@ssiﬁle,ratiqs. ‘Theilindting caSeSffﬁr'these lgading combinations
or ratios are simply the case of no horizontal force (H = 0% of W)
which produces the simple beam meéhanismfload.and'secohdly, the case

of no vertical force (B = 0) which produces the simple sway mechanism

~w»rM%&mumLoad, All other failure mechanisms will be{prddueed'byasqmezéombination

of loads between these two extremes.

For each of the analyses within the above range, curves similar

________to tho ose of Figs. 11£nd12~«are—pr~eduee&—w?1ckxng~the—péak"m@““6f

-@v~~“_”10ad'for each curve and"plotting\non4dimensibﬁa11y one-héif the vertical

E

_ ™" load. gv_g,ri_,,,_.E._}ﬂ;._.,,.gi-ﬁ@neﬂe@L}:umnw—--'a-gafi“n*S't“‘““""tl‘l‘"e*“"'"hor‘iz ofital¥16ad H 6vetr the ‘simple

o ot wop v al A g i ep Sy

——

~sway mechanism load results in the curves of Fig. 14. The curves of
Fig. 14 indicate the interaction between three quantities: the lateral

load, the gravity load, and the Sectian‘propertiesidf"the sections

-




used.” With this plot a knowledge of any two of these will allow the

determination of the third. If one of the two known quantities is

the frame section properties, the procedure is a direct one. Knowing

the section properties, G can be computed and consequently the proper
curve in Fig. 14 can be picked. Either H/H or 6'6 H/P ‘can be

sway y
computed from the value of the known load, depending on which load is
known. Hence, the point on the plot which indicates the maximum load
the frame cén'SuStain_is defined.bthhe«fact that one bflkts:coordinates

g

is known and it must lie on a given curve.

To design a frame if only the values of the loads are known ,
iﬁ-isfneﬁésséry'tb pick a set of trial sections first. Knowing the
loads and picking some trial section allows the proper curve (value of
G) to be chosen and the coordinates of the point defined by the loads
to be determined. The relative locations of the point and the'cunve
indicate whether the trial frame has any nesgrve‘strength and if so,
how mUch, With -a small number of trials, it isfpcsSible to pick
sections.which will cause the pbint defined by the loads to fall very
near the limiting curve. The closer the point falls to the curve the
more éfficient the frame will be-under the givenldaéing. -

) |
The curves of Fig. 14 can also be used to predict the type of

W T e =
PSS —— - v e A 2w ¥

——— — e e ey s~ o AT ey antey s Firma

failure mechanism and the order of formation of the plastic hinges in

each case. To do this it is,only;necessary to refer back to the load-

deflection plots which were used to produce the cu:yggwgfwgiglm}éllw_ -

e
»

-

&
~
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6. SUMMARY

A method for analyzing frames to determine their elastic-plastic
10ad-def1e¢tioq»behavior has been presented. The method‘accounts for
the Weékening,effEQt.of axial force on the plastic moment capaéityiafftﬁé
‘members. Both the methodfdf.analysis'ahd the computerérogram.which.
was developed to perform it are based én a'method-and a,computér program
deveicpe& by Wang andHarfisbnwhich'neglects‘this axial force effect.
The basic aifference-betweenfthe two methods lies in.the‘faét that an
analysis which includes fhE‘Effeét‘of axial force is nonalinearhwhilg_ ?
one which does not include it is linear. As a result of the non- | E

linearityrinvolvédq the method presented in this report uses a trial-

' | |
In order to use the reported program to analyze a frame, it |
1s: necessary to systematize the various groups of input information
‘that are needed in the course of the analysis. The methods and systems J
used are explained in Chapter 3 and ‘exemplified in Fig. 6 and appendix ﬁ'ﬁ‘
C. Typical program output is also given in Chapter 3 and ‘an example , . i
run is contained in appendix C. " ) . 1
' The two basic problems encountered in the use of the progran |

have been discussed. They'ére: (1) Storage capacity, that is, how to

i lnad s s T e s - e ot _'-_;',A,,,,,:‘-:,,,,r,‘ i e T s e s b = rastl E e e e e e e e e et st et D PGS | =

S — . |
make efficient use of available machine capacity and how toxmodify a

~— ’ ° \ l.ﬂ

given problem so that it requires less space in‘the.COmpUterg

(2) Change in ‘the QrdEr.ofiformationereplastic'hinges during;analysisg“

=1
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" The solution to the first difficulty consists of program and
input dita modifications discussed in Chapter 4. The second problem,

that of hinge order reversal, arises from the trial-and-error procedure - .

employed by the program. A detailed explanation and solution have been

presented in Chapter 4.

The results of several analyses and some possible uses for the
program in design ‘have been_Presented;?~IﬁgParticular3.éxméthod_for
producing a series of curves for a given frame which show; the inter-
action of frame gravity loads, lateral loads, .and some parameters
indicating frame prOpertiesfhavefbeEﬁ:SBOWhlr

r
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/. NOMENCLATURE AND PROGRAM SYMBOLS

Text Program Definition
A | Statics matrix. 5
A Cross-sectional area.
AA The increased capacity of the point in question.
(The x-axis intersection for the straight line
~ approximation to the‘interaCtidn~formhla)* -
ABC - Dummy variable used to read past unwanted sections
on tape. |
'mij AM ~ _Array of unit moment§ €Qt.eaﬁhhelaStic_frame
‘ analyzed.
i3 AN Array of unit axial loads for each elastic frame
analyzed.
ASATI Temporary storage array for one column of the
matrix ASAT. |
ASAT Matrix A times matrix S times matrix A transposed.
| ASM Subroutine which adjusts the stiffness matrix to
§ account for the formation 6f'the last plastic
g ATX ;Afray”used in the computation of the plastic hinge
% rqtationé.
é CP AX Total axial load at some point dué to all increments
é of load on the frame.
é B Intermediate variable (no general definition).
? BB The axial load at the point in question which results
? L | from previous increments ofhlgad on the structure. -
o intermediatﬁfxﬁriablé'(no8eﬁerald6finiti°ﬁ>- '
- CAX Cumulative axial load at a‘point.

o AUSUSVRNN o, o SRS *Theax*}.alleadatthepeyrmt1nqhestl~enw1=klchreswlts g
from increments of 1oad being‘appliednto the |
structure after atpléStic hinge has formed at
the point.

| : X
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Text

Program

Definition

pPC

CM
CPM

Moment at a point in the frame.

Reduced plastic moment capacity.

EAOL

ij

CX

CXX
D
DATA

DD

DELTAP

DM

EAOL

EE

.GG

An array of the deflections in the frame aththe
formation of a plastic hinge.

Identical to CX.

Intermediate variable (no general definition).

Subroutine which inputs new frame data.

Ihe;mcment;indgggé at the point in question due to

| previous ihcfements of'loadﬁbeing applied to
the structure.

Subroutine which computes the increment of load

-_:iféQQiféd tonfﬁzm‘the next plastic hinge.

Array used in the computation of the plastic hinge
rotations.

Modulus of elasticity. .

Matrix which stores the value-offEA/L_for'each

- Erame .member.

The ‘unit moment for the poiﬁt in question for this
increment of load. ; |

Ratio of column. stiffness to beam stiffness.

A function of.theuuhit axial load for this increment
at the point in question.

Horizontal 1load.

Sway mechanism load. .
Counter.
Moment. of inertia. .

Point being investigated for being the next hinge to

~ Number of

form.

location on the frame where the next

plastic hinge .is known -to-have-formed-or—is—

T
ICYC

currently assumed to be forming.

Cycle number in the trial and error procedure used to

<%

find the next increment of load.

w
| I o I e | Il
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Text Program

Definition

h IH Number of the plastic hinge being investigated.
I1 Switching”parémeter used in subroutine deltap.
INDEX Switching parameter which controls where the main
program goes after control leaves a subroutine.
IORD Matrix which recordé the order of the plastic hinge
| formation.
IP1 Counter.
b IPT Number of the point currently under investigation.
IT1 Tape number.
IT2 Tape number.
IXZ Index which controls the printing of intermediate
results in subroutine DELTAP,
. J. Counter. . |
JJ JJ Frame number.
K . Counter,
KK KK« Load set number. J
KZ One less than\the number of the hinge currently
under investigation,
ZE L Degrees of freedom in the frame.
2 Length,
LDSET = Subroutine which.inputs the loads.
LOWEST  Subroutine which picks the next plastic hinge.
LP1 Frame degrees of freedom plus one.
- M,a M Twice the number of members in a frame. -
MATRIX  Subroutine which performs an elastic analysis of a
frame.
MM One less than twice the number of members in a frame.
N N Three times the number of members in a frame.
WM N Nunbe Y of  frame membars . T T
~ 'NPASS Switehing parameter which causes the stiffness and
W | _ statics matrices to be printed at the beginning
| . R e mMméf éécﬁpﬁew.frame anélygig; s B TE TES RS
NPH The number of the location where the next plastic

hinge occurs.

B e T T R e ATt o ST © L 2V U R AL SATE VR & = R

P R T BT D R RS
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Text

Prggram Definition

OUTPUT

Subroutine which prints out a table of information-

" summarizing the conditions in the frame after

the formation of each plastic hinge.

P Increment of load.

“PHR Subroutine which computes and prints the internal

rotations undqrgone by each plastic hinge at

collapse load.

Pi Matrix of the applied loads.

PM - Matrix of the plastiC'momént-capﬁeitiés fbrfallitﬁg
frame members. |

POPY Ratio of P to Py at a point.

PP Final computed load required to form a plastic hinge
at some location.

PT ?MHIIiX*WhiCH stores the value of the load to form
a plastic hinge at some location for each of
several tries.

PY - Matrix of the yield loads for all frame members.

RAX Axial load at a point due to loads applied to the

structure after a plastic hinge forms at the -
point.
RM Induced moment at a point.
RR Axial load at a point due to one increment of load
applied after a plastic hinge appears at the
- S S p@l_nt. S —
Radius of gyration. -
- RZ ~ Moment induced at a point due to one increment of
Ioadw
 SAT  Matrix S times matrix A transposed. ' -
SAT1 Tempoféry storage array for one column of the )
e ) A matr;lx,_SAImmwiw T o P— E

SAX Axial load at a point due to loads agplied_to the

structure before a plastic hinge forms at\'the

%
y

point.
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Text Program Definition

——

' SB - Intermediate variable (no‘general

SC Intermediate variable (no general
SDAT SDAT ~  Matrix which stores the value—of-F

frame member.

SS Axial load at a point due to one increment of load

applied before a plastic hinge appears at the

point.

TEMP Temporary variable name.

~UNDEFL  Subroutine which:computesAthe‘unit:défiectipn,'mqmént§5

and axial loads.

UX Array of unit deflections for each elastic.frame

analyzed.

W Vertical load.

B The ratio of a beam point load to the side load.

(For the example frame),
AH‘ Horizontal deflection.

Unit horizontal deflection.

definition).

definitﬁpn).

7 S A i

I/L for each
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STATICS MATRIX (A) FOR EXAMPLE FRAME

Load Numbering and
Sign Convention
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Analysis
of
First
Frame

Frame

—

Analysis
of

7 'Second
Frame

Load
Applied
to
Second
Frame

vt mdaa

TABLE 3 SEQUENCE OF INPUT DATA

- INPUT ITEM(S)

Frame No.

Degree of Freedom and
number of members

Statics Matrix

Section Properties

Load Set Number

Load Matrix

Load Set Number

Load Matrix -

Load Set Number'(negative)

Frame No.

Degree of Freedom and
‘number of members

Statics Matrix

Section Properties

Load Set Number
Load Matrix
Load Set Number
Load Matrix -

Load Set Number (negative)

Frame No. (negative)

FORTRAN
SYMBOL

END.CARD. .o b

FORTRAN II
FORMAT

I5

215
7F 10.4

4 F 10.4

I5

/ F 10.4
I5

7 F 10.4
I5

I5
215

7 F 10.4
4 F 10.4

7 F 10.4
I5
7 F 10.4

e Tl adar. = . oca vnaw ofly L AR s el

15

L ——
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" TABIE 4 PROGRAM OUTPUT SEQUENCE

—

- COMMENT

~ ITEM

—

Printed on the top of the first page
for identification purposes.

1. Frame Number

2. Statics Matrix Listed for reference and checking (to

insure correct punching of input data.)

Created internally from section
‘properties. Listed for reference and
checking .

3. Member Stiffness
Matrix

4. Load Set Number Listed for identification.

. Load Set " Listed for reference and checking.

R

The following four items are repeated in sequence until
the failure mechanism is formed.

h

N

6. Unit Deflections Produced by each elastic analysis
Unit Moments of the frame.
Unit Axial Loads

B

/. Number and locat- Values of each load increment for each
ion of plastic trial, as well as the totals for each
- hinge trial are also output for examination
here.
8. Table The total moment, oo , axial load,

Py, and the ratio P/Py are listed
for each member end in the frame.

9. Deflections The value of the deflection for each
of the "L'" degrees of freedom in the
frame is computed and listed.

A

After the failure load is reached the following item is 3 e

| produced.
. . L. A . S —-— .
10. Hinge Rotations The internal rotations undergone by

each plastic hinge are listed. |

If additional load sets are to be run, the output begins

again with item 4. If no load sets remain, but additional
frames do, item 1 will appear next. If nothing remains to
be run, the machine will exit from the program. |




s iy e 1

TS S —

e

Gn e e A e N e e T Sa

{

t

;
SLC%IHN

!

!

ad ¢

TABLE 5 SECTION PROPERTIES ""LIS’TED BY RADIUS OF GYRATION

AT TS LF

“riERNT UF PLASTIC

ARFA

UEPTH

SFETINN

HAD TN

MOMEMT

nr

A

PLastic

A R FA

DL ETH

«B i 14
owk! 2u
71020
éuFi?S
7JURL 5
70 115
gl ;23
E)RT b
£ , 13
RM §20
BM 722
R 718
8B 45
BmM ; 28
aM {47
8wF.l 17
tM 11y
ARM | 24
SWFi 24
RWFF20
AM |24
angaa
BM ;33
RWF! 35
BWF: 40
AWF . a8
8wFi{Sa
- BWF &7
101 fzs
100R: 9
10M {2y
108 {15
108 {17
101 {25
10M 121
10WF 21
10M'§93
{

BYSATIEN INERT La AORILLS EYRATINN INERTTA “epeLes
1 N .27 A n X 1 X 2 A, A :
; — —— —

L Ay IR0 fOd 2,17 x,o0 10uF 25 .90, 184.,2 P65 1 8% 1n.nk
It K 1,028 P8 1.9 . 1,64 .N0 1wk Y AP 208 .7 47.0 11,48 0, ua4
ar 9 166 L7 4.0 S2.7N a.00 1nwF 29 RS 197.R *4.7 B 1n.pp
i o S e LG T 205 2.21 4.00 10wF 4 AL 38 248 .6 5.0 18.24 10.12
am ' 1% 169 Y04 £ 3,82 a,nn 10wk 54 4039 InF .7 673 19.48  10n.1D
AWk 44 .72 1.3 €.3 3.8?7 4.14 16 1V g dl S 21.4 9.0l 10.2%
51 1w 1ot/ 1540, 744 4.29 5.00 10pF 6u 4,41 348.7 7501 17,66 10.25
oD . 0h 1.1 5.6 2.87  &.nq 10WF A6 4,44 3A2.5 RZ.A 19,41 10,3R
Sry 40 TLnE TR A 2401 5.56 S.0n 10wF 72 a,46 a7n .7 9n.,?2 21.31R 10,80
SwE 1o PR Y 1.8 9.0 4,70 5.00 10wF 77 4. &Y 4h/ .2 977 22.67 10.62
SWF 1y S 1 4.4 1%.4 5.45 5.12 121 s 4.55 1.6 60.7 14,57 12.0n
6 1/ ¢ 20 6.0 105 5H.ue 6.00 inytk n9 LR LR 547 ,4 114.4 26.19 10.8n
AR AP 1.8 .4 3.61 AoQD 10WFlng 4 LAY, 62¢ . 13n,1 29,43 11.19
e aep ANY- 1.7 8.3 3.53 .00 128 16 4 65 108 R 20.6 d.8K 10 0
6 2¢ ey S 1.0 15,6 6.62 6.00 10wk 112 4.0/ 7i48,7 147,.,5 32.92 11.3886
6mn 20 reS/ 8.8 14,6 5.8H4 6.00 121 49 L4477 ?AR.Q 52.5 11.44 12,09

1.7

1.7

1.9

3.5

2+1

2

7A

3 $ CHECK SHAPES. SO MARKED FOR COMPLIANCE WITH FORMULA (25

?059
s Ho

./4

N N R A A

[ #N

21
.22

LEURVY BRg™ I o U™ SRS

.31

z.35

.36
.30
-.‘040

ol

.45
.45
.45
.45
.50
. HYS

AN N A NN

.7
X .70
RO e
S.97
.,9%
a.n/
4.14
4,14
A1

00,
N3
;1?:
23

29

s 4

ch1.
J.n5'

11.6
15.0
14.4
4.0
1149
15.2-
| & :5;5
‘39,5, 1., 4%
LERK! 19,7
"6.9 1€ .3
4p .0 13.6
0.1 ©25., 6
LY 15,7
H 6 o4 1] ot ﬂ
be.1 1744
115 5 32.7
82.5 2341
40 ;2 9.1
A% A 23.3
97..8 27.1
117.8 RS RN

B AR B DN A B AY A
o
® & o ¥." e e

12€.5 X4.7
14¢.3 . 35.9
1THI 7 45,0

2273 5949
271 .R 7.9
1SR 38.2
36.70 5.2
131.5% 309
TRH LR 14,0
H1.8 1¥8.06
122.1 2R.0

14 .4 28.7
1Ue.3 24 .1
116.64 2¢.5

4,72
S.9U
5.83
7.37
1,61
4.49
6.71
1,92
3.83
- S H#
6.01
5.34
4.4
.29
5,00
5.00
5.4
10.09
7.06
5.88
7.06
8,23
' 9.59
10,30
11.70
14.11
1706
19.7¢0
10.22
2.64
8.5%
4,40
4,98
7.3%8
6.1U
6,19
6.73

£.25
6.20
7.00
6.37
7.00
7.00
8.00
8.00
.00
5.00
8.00
a.0n

R.312
8.00

R.00
R.NN
§.00
R.0N
7.93
R.14
R.ND
R, 0K
R,

B,12
8.25

K.5n0

Be.75

o.nn
i1p.nn
10.60
.88
lulnn
10.12
10.00
9.90
9.90
9.8AR

AXIAL FORCE AND PLASTIC BENDING MOMENT AT ULTIMATE LOADING.

128 19
121 %D
i”2R 22
12wk 27
12wF 31
12wk 4p
12WF 30
12wk 4o
12WF 50
12ab 59
12WF 5b
12WF 79
12WF RS
148 1/
12WF 02
12wk 99
12wF1no
12wF12U
141 22
12WF 133
148 26
12WF 1A
14yF 30
151 S U
144F 4%
12WFL2n
14wF 34
14wWF 4R

14yF 38 -

144F 53
151 43

14WF A1
14WF A8
14vF 74
1auF 78
14WF H4

14uF 19

A Ar D

4,81

<R3

A L9

£..N0
S -.].l
IR RO
.15
B .19
5 .18
Y. 20
S84
L F7

€. 40
&L AL

543

Ej{O
by

.52

& .5y
5. A3

&.70

e

J87

a0y
'!_- ("I;)"

&L b,
(R
K LU
£ony
P'hq

. 7 \S'
s

. ’;‘ ? .
« 30

130.1

215, 8
1467
20461
2385.4

280.8

goq .=

14&.2

660

703.3
14743

THR .0

BoUH
9.7

1071 .7,
107 ,4.

1271.2

P40k
1549 (R
2RO A

dgGL N
1AUD (&
336.2:
aKg O
36503

BHag.l
4aq A
6415
724,1
706 R
A1 .2
Yre. 4
1266 .5

24.8
41,6
5.4
38,1
5746
S51.4
649
7245
7842
Bé.S
116.3
1261
24,7
140.7

1%1.,48

163.4

i1He .49

3.0

05,7

39.9

256,92

a7
76 .5
~9.7

311.5

54.5
’ROSi
61.5°
ﬂ?ll
tR .

114.4
1254
12440
14514
196.0

9.26

6.47

7.9/

9.12
11.77

10,359

13.24
14,71
15.59
1.7.00
23.27
24,98
S.ub
27.9A
29 .4y

3i.19

35,31
6.47

$v .11

.65
a7 .34
8.4a1
14.59
12.65
55.8A
1u.00
14.11
11.17
15.59
12.49
17,94
2V.00
?21.76
22.94
24,71
2,64
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Fig. 4 Schematic Plot Indicating Successive Trials for
the Determination of a Second Plastic Hinge

Axial force effect neglected

Axial force effect included
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NO

? CALL DATA
{(READ IN FRAME DATA)

WAS DATA | ] END
~ READ? I NO :

YES

| caLL LpsET

| (READ IN LOADS)
| L

| wAs THERE
<4 A SET OF LOADS

READ IN?

ims

| CALL MATRIX
(PERFORM AN ELASTIC

-

L

-

_ CALL DELTAP
(FOR EACH PLASTIC HINGE, TWO PASSES
THROUGH DELTAP ARE MADE. THE FIRST
PASS COMPUTES THE LOAD REQUIRED TO
FORM A HINGE AT EACH OF THE
REMAINING POSSIBLE HINGE LOCATIONS
IN THE FRAME. AFTER THE LOWEST OF
THESE 'LOADS HAS BEEN PICKED, THE
SECOND PASS REPRODUCES AND PRINTS
THE INTERMEDIATE RESULTS. ) '

FOR THE NEXT HINGE

ANALYSIS OF THE FRAME)

[COLLAPSE

MECHANISM j >—

REACHED? YES

LNO

; CALL UNDEFL
(COMPUTE UNIT DEFLECTIONS,
MOMENTS, AND AXIAL LOADS)

COLLAPSE
MECHANISM

CALL PHR

(COMPUTE
PLASTIC
HINGE

ROTATIONS)

S

!

REACHED?

- NO

DOES THE ORDER OF FORMATION OF THE
PLASTIC HINGES CHANGE ?

NO

;No

R

—| FIRST PASS FOR THIS HINGE?]

(PICK THE HINGE WHICH WILL
FORM NEXT IN THE FRAME.)

CALL OUTPUT -

(PRINT A TABLE SUMMARIZING THE
MOMENTS, AXIAL LOADS, AND THE

DEFLECTIONS AT THE VARIOUS
FRAME LOCATIONS.) i

A
CALL ASM |

(ADJUST THE STIFFNESS MATRIX
TO ACCOUNT FOR THE FORMATION

OF THE LAST PIASTIC HINGE.)
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APPENDIX B PROGRAM LISTINGS |
| PAGE 1

T T COMMON A, S, SDAT, EAOL, PL, L, NMs M, N, MM, 1, J, K, NPASS, KK,
1JJ, M, 174, ]72, ABC, LPL, [P1, TEMP, KZ, IXZ., IPT, ]A, [CYC,
2182, AA, BB, CC, DD» EE. B, SB, D2 SC» C» GG, SAX, SS, RAX:s AX,
3RR, RM, NBH, €AX, PaPY, CPM, INDEX. [ o
EQUIVALENCE fall), ASAT(1], AM{33), (AL1667, AN(1)), (S(295), DM(1
11), 1S1309), ATX(13), §S¢d), SAT(L), UX(ily, PYI1))s (S[15], PM(1)]
20 (S[3941,PTC4)), (S(49), [ORDIX))s (S(5%7), PRPIe))s (SI71)s P[1)],
3(S(3233, CxxX(11), (PLIL), EMI43), [SDATI(1), CX(41)s SATL[1], ASATL|
41))
DIMENSION A(15,21), S(21,24), SDATI(7), EAOL[7]s PLI15), PH(14]),
1PY([14), CX([15), CM(14), SAT(21,15), ASAT(415,16), PP(14], UX([15,8),
2SATX[2%), AMI15,14), AN(15,11), IORD(8), P(8,40), PT(40], DM(14),
JATH[149, CXX(0415), SATL[15), ASAT1([15) -
90 CALL DATA | -
GO 70 099, 87),INDEX
87 CALL LDSEY ”
GO 70 ¢ 90, 941,INDEX
- 94 CALL MATRIY - Ny
S GO 0 ! 98, 406, 1).INDEX e S
{ CALL UNDEFL
GO 70 100, 106, 983, INDEX
100 CALL DELTAP
GO 76 ¢ 98, 99, 108, 112, 87), INDEX
108 CALL LOWESY
GO 76 ¢ 106, 100), INDEX
112 CALL OUTPUY
CALL ASM
GO 0 91
106 CALL PHR
GO 0 87
98 PRINT 96 .
:F 96 FORMAT [48HNONSENSE TEST REBSULT--e=~ INDEX VALUE IN ERROR, )
;- SRR , 99 gALL EXIT
* ND

vt ot b4 2 T ey 4 s = e 3 0 P e e § e et S e 2 ARAR Nt 1 St = rs_ a5 NS i B it ok g 55 i e
+ v 3 : P . - e g et PR Rehld e AT S S o ek v o ratari 0
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SUBROUYTINE DATA

e _COMMON A, S, SDAT, EAOL, PL, L, NM, M, N, MM, 1, J, K, NPASS, KK,

1JJ, IHy 171, 172, ABC, LP1, IP1, TEMP, KZ, IXZ, IPT, 1A, 1CYC,
2187, AAo BR, CC, Dn, EE, B, SB, D, SC, C, Ga&, SAx, SS, RAX, AX.
3JRR, RMs NPH, CAX, POPY, CPM, INDEX, 1!l \ , ,
EQUIVALENCE [A[410 ASATIL), AMIL)), (Al166), AN(1]), (S(e92), DMI(1
111, 1S1309), ATXr413, (St4y, SATri), UXt1), PY[1)), (S[15), PMI1])
2, (S(3011,PV(41), [S(49]), IORDI(1))e [S(57], PPI1)), [(SI71]), P(1)]),
3(S(323), CxX[1))l, (PLIL), CMI4)), [SDATI1), CX(1], SAT1(1l]), ASATL{
411

DIMENSION Afi15.21), S{21,24), SDATI7), EAOLI[7), PLI19), PML14),
1PY(14], CcXp115), CcM1314y, SATt21,15), ASAT(15,16), PP(14], UX115,8),
2SATXI[24), AMI15,117, AN(15,411, 10RD(8), P1B,40]), PT(40), DM(44,
JATX (143, CXX(151], SAT1(15]), ASAT1(15]

Qo

READ THE FRAME NUMBER, EXIT IF NEGATIVE

¢ READ 13, v
13 FORMAT (15}
IF (JJ} 88,5,5

o e e oo @R INPEY 8 1 L e e ~a . a e 3 e nen e e g +  C e g e e = £ e+ e 5

RETURN | | : -
5 REWIND 2 | :
~ REWIND 3

REWIND 4

REAP DEGRFES OF FREEDOM AND NUMBER OF MEMBERS

aaa

READ 23, L, NM
23 FORMAT [(218)

M &8 2 ¢ NV

N = 3 &« NV

MM 8 M ¢ 1

C REAR IN THE STATICS MATRIX

READ 35, [tAll.J), J2L,N), 121,19
35 FORMATI/F10.4) o

READ E1/L, PLASTIC MOMENT, EA/Ls AND PY FOR EACH MEMBER

aaa

DO 166 I = 1,NM

K = 2¢f |

READ 147, SDAT(I), PMIK), EBAoL!I), PY(K)
. PY{Kel] = PY[K] R o
166 PMiK=1] = PMIK]

167 FORMATISGF1H,4])
WRITE TAPE 2,1(A[l]l,Jd)y 18 $,L)»Jd 3 1, NJ

WRITE TAPE 2, PM[1), 1 = 1, M)
WRITE TAPE 2,0 PY[1), I = 1, M) -
WRITE TAPE 2,1 SDAT[IJA [ = 1, NM)
WRITE TAPE 2,0 EAOLI[I)s I & 1, NM)
__NPASS & 1

INPEX B8 2
REYURN
END

‘e |
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SUEROUYINE LDSET - [ L
COMMON A, S; SDAT. EAOLJ PL: Lo NM, M, N, MM, 1, J» K, NPASS, KK,
. 1JJ, 1M, 174, 172, ABC., LPL, 1PL, TEMP, KZ., 1XZ, 1PT, 1A, ICYC,
i - 2l8z., AA, BB, CC, DD, EEs B, SB, Do SC» C, GG, SAX, SS, RAX, AX,

SRR, RMy, NPH, CAX, POPY, CPM, INDEX, Il

EQUIVALENGE [Af410 ASATI4), AM{L1). 1ALL66), AN[L)), [S([29>5), DM[Q

111, [SES09), ATXI1)1, [S[3}, SATI(Z), UX[1], PY(111, (S(15), PMI(1])]) f
w 2, [S(304)1,PT(41), 1S(409), 30RDI41Io (S(57), PPiq1), (8071}, P(1)) : |

- 30S323), CXXE11], [PLEL), EMILI), USDATI1), €X(L1)e SATL[1], ASATL{ -
1)} |

DIMENSION A[15,21), S[24,24), SDATI7], EAQL[?]o PLI15) ., PM(14), |
1PY(14), CX(85), CM114), SAT(24,15), ASAT(15,16), PP(14), UX([15,8]),
2SATX(2%1, Aﬂtlgoiljo ANLl@ol%ja {ORDI[8), P18,40), PT(40]),» DM[14),
IATY (1490 CXX[95), SATAI45), ASATL(415)

READ THE LOAD SBT NUMBER, IF IY 1S NEGATIVE, READ A NEW FRAME
NO,, |

oMo Ne NP

708 READ 13, K«
o e s s P ) 13 FORMAT ( !.5, . - e T : S IR gl oo e a —
IF [KKel1189, 81, 81 | . |
89 INDBEX » 1 o 2
RETURN ’

ﬂ“-:.,._;v.‘._w.,
RO T
4

SET ALL THE ELEMENTS OF THE STIFFNESS MATRIX TO ZERO

aQaa

8¢ DO 160 1
PO 160 U
160 S(§,J)
REWIND
REWIND
REWIND , ‘
READ TAPE 2,t(Al1,J), 1 ® %, LY, J ® 1, Ny
READ TAPE 2, ABC
READ TAPE 2, ABC
READ TAPE 2, [SDAT(I}s [ 3 1, NM) | |
READ TAPE 2, { EAOLII)s I & 1, NM] - | o i , .

CONSTRUCT THE S71FFNESS MATRIX FROM KNOWN DATA

1,N
1,N

0

SH W N

aQaa

DO 161 | = 1,M, 2
K 8 (/2 ¢ 4
Sti,1) ® 4,0 o gDATIK]
o | 3[Y019§¢13 o §01,1)
- S{ieds1) 0 0.5 w St1,1) o = . 3
- - 16 Sé?ii % 0 @fiﬁi 1) , ﬁ

J ol oM
14 S{9,1) 3 BAQOL({J)

IF NPASS 1S POSITIVE,
PRINT OUY TITLES, THE STATICS MATRIX, AND THE STIFFNESS MATRIX

aoaaQa

IF [NPASS) 707, 82, 82
82 PRINT 97, JJ
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97 FORMAT [18H1ANALYSiS OF FRAME, I3, 77) . .
PRINT ¥ .
7 FORMAT [19HOTHE STATICS MATRIX//)
DO 1 Isi,L
1 PRINY 21,1, [AlI,d), Jal,N)
24 FORMATIAHOROW,13,4%, 7E16,7/(8X,7EL6,7]))
PRINT 47 |
17 FORMAT [2LHiTHE STIFFNESS MATRIX//) ‘. | ;
Do 2 XQioN = '
e PRINT 83,5,(811sJ)adBIaN])
NPASS & o3 |
707 PRINT 27, KK _ |
27 FORMAT [13W1LOAD SET NO,, 13) o a

C REAR IN AND PRINT OUT THE LOAD SET,

READ 35, (PLII), lag,L!
z 35 FORMAT [7F40.4) - J - .
- o v DO ¥ Isi,L . | | e e e e
_ o e T e I - : 3 PR ! N? @i R ! . PL t I ] ) [
‘ IN 8 0 o
i | WRITE FAPE 2,1 PL!!). ] = 11_L’ :
: WRITE TAPE 2,0 (SI1,J)s I ® 1, NloJ 5 1, N} S
| INDEX & 2 ;
RETURN | |
END %

G TE33 EERCRA GO T 3T B0 Dy T Kooty T SO B S CPAN St e o PO W s
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_SUBROUTINE MATRIX

o NeNe Ne o

Qo

1JJ, IHe IT4, IT2, ABC, LP1, IP1, TEMP, KZ, IXxZ, IPT, JA, 1CYC,
2182, AA, BB, CC, DD, EBE, B, SB, Ds SC» C, GG, SAX, SS, RAX, AX,
3RR, RM, NPH, CAX» POPY, CPM, INDEX. 11
EQUIVALENGE [Al1), ASAT(1), AM{L)])o [A(166), AN[1])), [S[29>), DMI[1
1)), (St3S09), ATX(13), 1Sgd), SAT(L), UX([(1)}), PYIL1)), (SL12), PMI1}))
2, [(S[3913,PTC04)), (S[49), 10RDL1)), (SI57), PPl¢)1, (S[71), PL1)),
JIS(3233, CUXC1)), (PLI4), C€M[1)), (SDATI(1), CX(1), SAT1([1), ASATL{
41))
DIMENSION A[15,21), S[21,23), SDAT[zjé EAOL (7], PLILS), PMI14),
1PY[14), CX[115), CML14), SATI21,15)s ASATI(15,16), PP(14), UX(15,8]),
- @SATX(28), AMI15,14), AN[25,11), I0RD(8), P(8,40), PT(4U),» DM(14),
SATX(443, CXX[15), SATi(15]), ASAT1(15)
15 IH o IH ¢ ¢ .
IF (IH/2 ¢ 2 o 1H) 67, 68, 92
92 INDEX 8 1
RETURN
67 174 = §
. 172 = 4 |
GO TO 69 BN
68 171 = 4
IT2 = §

CONSTRUCT THE MATRIX SAT [ S TIMES A TRANSPOSED!
tALL THE FOLLOWING MATRIX OPERATIONS STORE THEIR INTERMEDIATE
RESULTS €N TAPE.!

66 Do 87 ! = (, N

DO 20 Jsi.l

SATL(J) = 0,

DO 20 KoisN
20 SAT1(J) = SATLLJ) o S
57 WRITE FAPE ITY,[SATL[!

- REWIND ITY

DO 58 ! = ¢, N N | |
58 READ TAPE 174,[SATI1,J)s ¥ 8 1, L)

REWIND 174 ‘ ,

WRITE YAPE 1T4,[[SATI!.J)s 1 = 1, Nl,Js 1, L)

1,K) «AlJsK]) ]
11, 11 s 4, L)

CONSTRUCT THE MATRIX ASAT (A TIMES S TIMES A TRANSPOSED!

0063Y=_1:L
DO 40 Js1.l
DO 40 K=1,N
ASATLTJ) & 0,
40 ASATL(J) 3 ASATL(J) eAl]
63 WRITE FTAPE ITL,(ASAT1(!]
REWIND 171
READ TAPE 1T1, ABC
DO 64 ¢ = 4, L
.64 READ TAPE 171, [ASAT t1.J)s J= 1, L)
REWIND 174 |
READ TAPE 171, ABC
LP1aL+4

.K,_' S‘IIK’JI
Jo 11 =2 4, L)

COMMON Ap Sp SDAT; EAOLO‘an LJ NMD HD Np ""; !n JO Kl NPASSD KKJ_




aao

--DO- 50 Ms1,0
50 ASATIILLPLY s PLII

SOLVE THE EQUATIONS FOR THE UNIY DEFPLECTIONS

DO 60 e4.L
IP1s]ed .
TEMPcABSFIASATII, 1Y)
Kat
DO 64 Jol.l _ |
I1F (ABGF[ASAT(J,1))w TEMPI 61,61,62
62 KaJ |
- TEMP B ABgﬁtASAT[J 11}
64 CONTINUE
IF fKel) 92,91,72
72 DO 45 Joi.lPd
TEMP 0 ASAT[1,J)
ASATEI,J) 6 ASATIK,J)
4% ASATIK,J] o TEMP

74 IF [ASAT(IS13) 16,147:46 T

147 PRINY 8547 o )
347 FORMAT (30WODIVISIEN BY ZERO IN INVERSION)
INBEX & 2
RETURN o
16 TEMP 3 1,/ASAT(I, 1)
DO 70 Jsl.lP1
70 ASATEI.JIGASATII,J)wTEMP
DO 60 Jsigl
IF tioJ) 99,60,59
59 TEMPSASATLJ, 1}
DO 80 KsiP¢,LP1
80 AQ&?EJaK}SASATtJ.Ki-TEMPtASATti K)
60 CONTINUE
INDEX 8 3
RETURN ~
END

PAGE

2
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_Q@;Lﬁ~.;%“mm_w@;;L_mmw,mwsUQQQUQINE_UNDEpL B o | o~
a - COMMON A, S, SDAT, EAOL, PL, L, NM, M, N, MM, 1, J, K, NPASS, KK,
1JJ, IH, 174, 172, ABC, LP1, IPL, TENP, KZ, IxZ, IPT, 1A, ]CyC, B

2182, AA» BB, CC, D, EE, B, SB, D, SC, C, Gg, SAX, SS, RAX, AX,
SRR, RMy NFH, CAX, FOPY. CPM, INDEX, [I

EQUIVALENGCE (A1), ASATIL), AMi1)), tall66]), ANLd1), [S(29°), DM[}
1)), (SU3093, ATX(L)i, (S(d), SAT(1], UX(13, PY(L)), [S{415§, PMI1))
2, [S[391),PT(1] (S(499), JORD(L1Jo (S(57), PPIL)], (S(7%), P(1y),
J(S1328), Cxx(a) (PLti), CMC43), [SDAY(i), CX([41]), SATlrl), ASAT1{
41]))

DIMENSION A[15,21), S(21,21), SDATI7), EAOL(7), PLI15]), PML14],
1PY[14), CX[45), CM[L14), SATI[21,15), ASATI(45,16), PPI14), UX[15,8),
2SATX(23), AM({415,117, AN[15,11), I10RD(8), P18,40), PTL4U), DM(14),
SATX[14], CXX{[15), SATL(15), ASAT1[15)

XI(
'R
)

PRINT OUT THE UNIT DEFLECTIONS '
ADD A COLUMN TO TWHE UNIT DEPLECTION MATRIX

aooaa

| PRINT 511 | |
oo 7 511 FORMAT [ 17HLUNIT PEFLECYIONS)
_ KZ 8 [H - ¢
7 IF (iH = 17 92, 74, 73
73 READ TAPE 172, ABC
READ TAPE 172, C(UXIT,JYs 1 = ¢, L)2d B 1, K2)
74 DO 51 {s1i,L o |
UXIi,iH] 8 ASAT(I,LP1)
5¢ PRINT 24, 1, ASAT!I,LPL)
~ WRITE TAPE 174,0tuXtl,dle I = 1, L)sJ = 1, [H])
REWIND IT%
READ TAPE IT1,[(SAT(I,Jd)s | = 1, N)bwd = 1, L)
READ TAPE Iv1, ARC |

CHECK To SEE 1F THE DEFLECTIONS EXCEED AN ARBJTRARY MAXIMUM LIMIY
IF YHEY DO: SAY SO AND 60 ON TO COMPUTE THE HINGE ROTAT!ONS

l

DO 311 I=1,L | ‘
° -TEMP 3 ABSPIASATI],LPL)]) = 4,E#02
. IF ITEMP) 311,647,647
314 CONTINUE
GO 70 303
647 PRINY 847 “ i
847 FORMAT [21MODEFLECTION TOO LARGE)
INDEX & 2
RETURN

COMPUTE AND PRINT UNIT MOMENTS AND AXiAL LOADS

ALSO ADD COLUMNS TO THE UNIT MOMENT AND UNIT AXIAL LOAD MATRICES
IF YHE VALUE OF THE MOMENT COEF 1S BELOW A GIVEN VALUEs SET T Tp
ZERC,

sNoNsIoNeNey

303 DO 120 [=s3,N
SATXII, 8 Uo
DO 120 K=i,L
120 SATX(IVaSAYX[])*SAT{l,K)wASAT(K,LP1)

" PRINT 822 e g
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78

76
21

56
54

55
94

48

93

92

FORMAT [13H1UNIT MOMENTS)

IF [I1H = 1Y 92, 765 75 -

READ TAPE 172, ([AM[!JJ!: I s 4, M)od ¢ 1,K2)
READ TAPE 172, [(ANETsJYs | = &, Mlod 8 1,K2)
Bo 04 ! = 1, M

PRINT 21, 1, SATX(1]

FORMAT4MHOROU, 13,4%, 7E16.7/18X,7EL6,7)]

IF | SATMLiIY 96, 94, 56 @

1F EQQQFfSA?ngjj o ,001) 54, 84, 94

SATHIEY = 6,

PRINT 95, {

FORMAY (24, 14HUNTT MOMENT AT, 13, 1X, 11HSET T0 ZEROJ
AMI1,IH] g gATX[@S

PRINT &

FORMAT [47HOUNIT AXIAL LOADS)

DO 93 § 2 MM, N

K 1 o M
J 8 2 o K

PRINY 40, K, SATX(!) e

PORﬁA?Y?HGMEMBER, 13, iX, E16,7]
ANItJ,IH] 8 SATXtI!

AN{Jedlp iH) 8 sé?xttl

WRITE YAPE i?iattAMtI.JJ. 1 =2 4, M),J » 1, IH]
WRITE YAPE IT4,((AN[T,J), ! = ¢, M),J ® 1, IH)
REWIND 2

11 » 3

INDEX 8 1

RETURN

INDEX & 3

RETYURN

END

-69

PAGE 2
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~ SUBROUTINE DELTAP

PLACE THE FOLLOWING GUANTITIES IN COMMON STORAGE Sn TWEY WILL BE
AVAILABLE TO ALL SUBROUTINES,

aaOan’

COMMON A, S, SDAT, EAOLs PL, Ls NMs M, N, MM, 1, J» Ke NPASS, KK,
1JJ, IH, 174, 172, ABC, LP1, IPL, TEMP, KZ, IXZ,» IPT, 1A, 1CYC,

218Z, AA» BB, €C, DB, EE, B, SB, D, SC, C, Gg, SAX, SS, RAX, AX,
3RR, RM, NPH, CAX, POPY, CPM, INDEX, Il

YHE FOLLOWING EFGUIVALENCE STATEMENTS RESULT FROM THE USE OF ”
TAPES, NO TWO VARIABLES OR ARRAYS WHICH ARE EQUIVALENCED TO ONE

ANOTKER ARE EVER NEEDED AT THE SAME TIME.

aaaaaa

EQUIVALENCE (Al1), ASAT(4), AMt1)), (Al166), ANP1)Y» (S[295), DMI[1}
1)), [SI309), ATX(1)), (S(1), SAT(1]), UX(1), PY[1)], [SL15), PMI1)]
),
1,

2» (S[391).,PT(1) (S(49]), [ORD(1)])s (S(57), PPIL)], (SI71)» P(1])),
3051323, Cxxlil tPLliln CMr1)), (SDAT(1), €Xl4e), SATLi(l}), ASATY|
. 41)) . L

C DIMENSION THE FCGLLOWING ARRAYS,

DIMENS{ON Atis,zil; St21,21), SDAT(7), EAOLI[7), PLIL15),» PML14),
1PY(14), CX(15), CM[14), SAT[21,15)s ASATI[15,16), PP(14], UX([15,8]),

2SATX(24]), AM[15,11)., AN[15,11), 1QRD(8), P[8,40), PT(40], DM(14]a
JATX(149, CGxx(15), SAT1115), ASAT1(15)

IF CONTROL 18 COMING FROM THE SUBROUTINE WHICH P1ekS THE LOWEST
VALUE OF LOAD TC FORM THE NEXT HINGE, GO DIRECTLY YO STAYEMENT

31 AND REPRODUCE THE PREVIOUS RESULYTSe: IF CONTROL IS COMING FROM
UNDEF [IF UNIT DEFLECTIONS AND FORCES HAVE JUST BEEN COMPUTED,]
AND TREREFORE IF THE NEXT PLASTIC MINGE HAS NOT YET BEEN LOCATED'
READ IN THE ARRAYS REQUIRED,

aacaoaaaaa

GO F0 ¢ 110, 313,11

THE FOLLOWINB 6 STATEMENTS RETURN CONTROL TO THE MAIN PROGRAM
YO DETERMINE WHAT MEANING THWE THWREE VALUES OF INDEX WILL CONVEY
TO THE MAIN PROGRAM, REFER TO THWAT PROGRAM,

aagaQaan

107 INDEX = 1
RETURN

108 INDEX = 2 . o . o U
RETURN N :

114 INDEX = 4
RETURN

PROM TAPE, READ TWE DATA REQUIRED FOR TME COMING SERIES OF
COMPUTATYONS.

sNoNele

110 READ TAPE 2, ABC
i READ TAPE 2,0 PMI1), | = 1
READ TAPE 2,( PY[I), I 3 &,

IXz # 4 | e

TR AT,
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aagaaan

IF IH IS ONE, THE ARRAYS 1ORD AND p HAVE NOT BEEN USED YET AND
MENCE CANNOT BE READ IN,

IF (IH = 1y407, 77, 78
78 READ TAPE 1T2,[(10RD(1) » I = 4, KZ)
* READ TAPE 172, ([(PLIPY, 1), IPY = 1, KZ)

BEGIN LOOP YO DETERMINE THE NEXT INCREMENT OF LOAD
77 DO 28 1A 3 4, M

IF THE MoMENT COEFICIENT IS ZERO AY A GIVEN POINT, SET THE VALUE
OF P AT A HIGH VALUE AND BEGIN THE LOOP AGAIN,
[ZERC MOMENT COEFFICIENY INDICATES TWAT EITHER A PLASTIC HINGE HAS

ALREADY FORMED AY THE POINY OR ELSE BY COINCIDENCE, TWE COEFF,
1S ZERO AND THEREFORE A PLASTIC HINGE SIMPLY WILL NOT FORM AT THIS

POINY DURING THIS INCREMENT OF LOAD,
CIF [AMIIAJIHIY 3%, 32, 31
32 PPIIA) = 1000,
GO TO 28

INITYIALIZE THE CYELE NUMBER,
31 ICYC = 0
INCREMENT THE CYECLE NUMBER,
24 ICYC = ICYC « 1
SET THE TOTAL LOAD FOR TWE CYCLE %0 ZERO AT TWE START,
PPT = 8,

1F TWIS IS THE FIRST CYCLE, USE THE LAST TRY FOR THE PREVIOUS
HINGE- AS A FIRST GUESS, .

YME VARTABLE KZ Is ONE LESS THAN [H,

OTHERWISE, SYART AT THE REGINNING {AT THE BOTTOM OF THE LOAD
DEFLECTION CURVE]

IF tiCvC = 11107, 83, 8
8% IPT & KZ |
GO 70 22
84 IPY = 0 )
IF 40 CYCLES HAVE BEEN COMPLETED WITHOUT CONVERGENCE, SAY sO AND
REDO THAY PARTICULAR LOOP, PRINTING AS EACMN VALUE 1S FOUND,
CALL EXIT WHEN TWIS HAS BEEN DONE.

IF [1CYC © 40) 22, 22, 4
4 PRINT 8. [A i )
8 FORMAT [4HiPT.» 13, 1X, 17WWILL NOT CONVERGE //)

IF tiXeg) 5, 107, 42
42 X7 = =i

GO Y0 31

-71
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- 117 8B = 0,

INCREMENT THE POINT NUMBER,

22 IPT = 1PT « 1
REFERING TO STATEMENT LABELED 12 BELOW, IT CAN BE SEEN THAT. THE

QUANTITIES AA, BB, CC, DD, EE, AND GG ARE THE MAJOR VARIABLES

INVOLVED ‘IN THE DETERMINATION OF THE LOAD INCREMENT P[IPT,ICYC!,
[ THE VARIABLES 0 AND Q ARE USED ONLY TO INDICATE SIGN,)

WHERE » »

AA = THE Emcaeaéen CAPACITY OF THE POINT IN QUEST]pN, (THE X=AX]S
INTERSECTIoN FOR THE STRAIGHT LINE APPROXIMATION 7a THE INTERe
ACTION FORMULA.] . - A | |
BB = THE AxIAL LOAD AT TWE POINT IN QUESTION WHICH RESULTS FRQM
PREVIOUS INCREMENTS OF LOAD ON THE SYRUCTURE,

CC = THE AXIAL LOAD AT TKE POINT N GUESTION WHICH RESULYS FROM
INCREMENTS OF LCAD BEING APPLIED Yo THE STRUGTURE AFTER A PLASTIC
HINGE HAS FORMED AT THE POINT,

DD = THE MOMENT INDUCED AT THE PEBINT IN OUESTION RUE 7O PREVIQUS

INCREMENYS OF LOAD BEING APPLIED Yo THE STRUETURE, ,

EE s ?SE UNI? MOMENY FOR THE POINT IN QUESTION FOR TH{S INCREMENT
OF L0AD,

GG = A FUNCTION OF THE UNIT AXIAL LOAD FOR TWIS INCREMENT AT THE
POINT IN QUEBTION,

YHE FOLLOWING TESTS DETERMINE WWERE ON THE LOAD DEFLECT]ON CURVE
THE PRESENTY COMPUTATIONS LIE AND CONSEQUENTLY WHETHER OR NOT EACH
OF THWE VARIABLES ABOVE HAS SOME VALUE OTHER THAN ZERO,

ALSO, THE TESTS SERVE TO DETERMINE WHETHER THE POINT IN QUEST]ON
1S A KNOWN PLASYIC HINGE OR WHETHER THE PROGRAM 1S JUST TESTING
THE POINT TO SEE IF IT IS THE NEXT PLASTIC HINGE,

IF [IPY = 11107, 116, 117
116 IF [1Hel)lg7, 118, 119
118 CC = 0,

119 BB = 0,
DD s 0,
GO 70 122

KK 2 [PTel

1014

102
103

123

IF [ IH - 1PT) 107, 101, 102
1B = 1A

GO Y0 403

182 [16RDIIPT)

DO 123 J o 1, KK

B s PlJ,ICYCIwANIIRZ,J)

S8 © SB ¢ B |

BB = SB ¢ {,18 « PMIIBZ) / PY[IBZ)
DDgﬁo

DO 124 J =3 1, KK

D = PlJ)ICYE) * AMIIBZ,J)

Py
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124 DD s DD + D e
! 122 lF!!CYS 1409 . 126,
128 IFtIH=1PT)L07, 126,
126 CC o 0. *
IF IR = IPTI107, 104, 109
104 187 = {A (' :
Go ?6 g21 : E ‘ : |
108 187 = {ORD}IIPT) | : . o |
\ GO 76 121
127 8¢ s 4, .
KK o IPT » ¢
1B o [ORDiIPY) <
DO 428 J & KK, IH ¥
C o PlJoICYEa1)eANTIBZsd) |

128 SC 5 SC ¢ € )
CC o S€ o ¢.,48 « PM[]IBZ) 7/ PY[IBZ) ) o
12¢ AA 5 1,18 o PMI{B2}
| EE o AMEXQZaYPTI
| 6@ 5 1,18 ¢ @Htraza * Aerﬂz bPTJ / PVtIBZ!
- g e
c IF TWE UNIT MOMENT AT THE POINT ‘MAS A DIFFERENT SIGN THAN THE
C MOMENT THAT HAS BEEN INDUCED PREVIOUSLY AT THIS POINT, THE
c VARIABLE @ ALTERS THE EQUATION FOR PELIPT,ICYE) SO THAT THE
c QUANTITY DD WILL PROVIDE ADDITIONAL MOMENT CAPACITY AT THE POINT
g RATHER THAN LESS AS 1S TWE USUAL GASE,
= ¢ [DD/EE}- 6, 97, 9. :
é n""’lo ']
GO To 41 |
7 0 ‘B 1| ;;]
c 5
c IF THE UNIT AXIAL LOAD AT THE POINT HWAS A DIFFERENT SIGN THAN THE ;
C PREVIOUS AXIAL .LOAD AT THE POINT, THE QUANTITY 0 ALTERS THE EQUAY
c «]ON FOR PLIPT,1CYC) ‘SO TWAT THE MOMENT CAPACITY AT TWE POINT WILL m
-g BE INCREASED. ?
I ¥ | IF (¢ BB CC ¥/ GG } 9, 10 , 40 R R S ?
| _ 9 8 ‘g’lo v . I?'il
co To 42 | ?
16 0 = 1, i
:
C COMPUTE ‘7HE VALVUE OF THE INCREMENT OF LOAD, ' ;
¢ | [
B - T T 12 PLEIPT, ICYcJ s (AA-ABSFIBB ¢ CCleQ « ABSF(DD)eQ)/[ABSFIEE)*ABSF(GG o 1
. 1) | |
c BEGIN GHECK TO SEE IF AXIAL LOAD REDUCTION IS WARRENTED, ﬁ
c FIRSY, COMPUTE TWE AXTAL LOAD AT TWE POINT UNDER EONSIDERAT]ON. F
C YWO CONTRIBUTIONS ARE ConSIDERED, TWE AXIAL LOAD gAX DUE To 3
f C PREVIOUS INCREMENTS OF LOAD AND RAX DUE TO LATER INCREMENTS OF %
; g LOAD, m

B
N
i
e

SAX s 0,
DO 129 J s 1, IPT
88 = AN[182,J) o PLU,1EYET]
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129 SAX = BAX « SS
“ RAX = B,
. IFLIH=11107, 36, 138
131 IF{ICVE=11107, 36. 37
37 IFtIH=1PT1107, 36, 38
38 KK 2 IRT o g
DO 39 J = Kk, IH
RR s AN[IBZ,J] & PiJ,1CYCed)
39 RAX = RAX « RR
36 AX a2 SAX o RAX u |

e s S v

Cc
c NEXY, SEE IF P/PY IS GREATER THAN ,15., IF IT IS, sKip THE NgXT
c BLOCK OF INSTRUCTIONS. 1F NOTs COMPUTE THE INCREMENT OF LOAD P
c TO FORM THE NEXy HINGF NEGLEGTING THE EFFECT OF aX]AL LOAD, - |
c ' |
IFLABSF[AX)/PY[IBZ)o,45) 44, 230, 230 | |
230 IF [ixg) 132, 232, 232 -
41 RM 2 0,
IF1IPTe11107, 44, 43
e o 43 KK = [PT o 4
DO 133 J 9 1, KK )
RZ = AM[1BZ,J) « PLJ,1CYC)
133 RM = RM + R? 5
C 4 . ;.
" C THIS TESY DEVERMINES WHETHER THE SIGN OF THE MOMENT MAS CHANGEp=== |
» AND tF I7 HAS, THE INECREMENT OF LOAD 1S COMPUTED AS !F THERE #AD |
c BEEN AN INCREASE IN THE AVAILABLE MOMENT CAPACITY RATWER THAN A Dg |
» »CREASE AS USUAL, »
o 1
IF [RM/AM(1BZ,IPT]) 48,107, 44 ;
48 PLIPT,1CYCY) o [PM[1BZ) + ABSF(RM)] / ABSF[AM[IBZ,IPT]) |
GO TO 49 4
44 PLIPTo9CYC) a3 (PM({IBZ) = ABSF([RM)]/ ABSFLAM{IBZ,IPT))
: 49 IF [IX2) 231, 232, 232 ﬂ
c IF THE AXIAL LOAD AT THE POINT IS LESS THAN ,15 PY PRINT THIS ON
C YHE CyTpyy IF Ixz 1§ NEGATIVE, | THE VALUE OF [X7 DETERMINEg
c WHETWER OR NOT INTERMEDIATE RESULTS WILL BE PRINTER, IF IXZ IS
c POSITIVE, PRINTING WILL BE SUPPRESSED, IF IT IS NEGATIVE PRINTING
g WILL OCCUR.] .
231 PRINY 46, 1PT =~ )
46 FORMAT [23HNO REDUCTION FOR WINGE , 12)
C | | | A | | .
c PRINT THE VALUE OF THE NEXT INCREMENT OF LOAD,
»
132 PRINT 435,1PV, ICYE, PRIPT,TEYC].
135 FORMAT [2KP1,12,1H,,1224H] o , F10.4, /7]
» | * ] o
» IF TWE VALUE OF THE INCREMENT OF LOAD HAS TURNED NFGATIVE, THIS
C INDICATES THAT THE AXJAL LOAD AT THE POINT HAS BUILT UP TO THE
C POINT WHERE YHE WINQE WILL NOH FORM AT A LOAD LESS THAN THE
1 C PREVIOUS PLASBTIC WINGE FORMED AT. IN OTHER WORDS: THERE HAS BEEN
B - T A LHANGE IN THE ORDER OF FORMATION OF THE PLASTIC HINGES IN THE :
[¢ c ~FRAME, [ THIS IS NOT TO INDICATE THAT 1IF THE FRAME WERE TESTED THE _ .

W
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C  WINGES WOULD FORMIN‘,QfFFERENT"oRDER;lT~ISMJUS$»TH1T“P0RW$uE-W—

g“”““mFUEPCSES'OF'?HE ANALYSIS, THE ORDER WAS -CHANGED,)

232 IF (PLIPT,iCYC)Y 1, 79, 79
CL IF [IPT < ¢ 407, 32, 2
2 PRINY § | _
3 FORMAT [27W1ABORT, HINGE ORDER CHANGES )

c |
C YERMINATE THES RuN,
c .
8 INDEX = &
- RETURN
c J ) o :
c IF THIS 1S TWE FIRST PLASTIC HINGE YO FORM IN THE FRAME, ONE TRY
c WILL PRODUCE AN EXACT VALUE FOR THE LOAD INCREMENT, THEREFQRE
c CHECK THE NEXT LOCATION ON THE FRAME, :
c OTHERWISE, GO ON TO THE NEXT LEG ON THE LOAD DEFLEATION CURVE,
c ,
79 IF [1H = 11107, 14, 18
) 14 PPL1A) = PIIPT, I1CYC)
B ~ GO TO 233 _
18 PPY = PPY o PLIPT, 1CYC)
IF (IH = IPY1409, 19, 22
e 19 PTYIIEYE] © PPY _
c CHECK THE QUANTIYY 1X2 To SEE {F TWE RESULTS OBTAINED SHOULD BR
C PRINTED, THEY WILL BE PRINTED IF 1) THE HINGE HAS BEEN PICKED
Cc ANU THE COMPUTATIGNS ARE BEING REDONE SQ THEY MAY BE LISTED, @R
c 2) IF CONVERGENCE coULD NoT BE 0BTAINED,
c
IF 11X} 34, 52, 99
34 PRINT 83, ppyY o _ )
33 FORMAT [ 274, 20HTOTAL FOR THIS AYCLE, Fe0.4, 74/}
| 52 IF [ICYC = 11407, 24, 25 -
o |
c LF THE DIFFERENCE BETHEEN THE SUBESSIVE VALUES OF TWE TOTAL
C LOAD REQUIRED 70 FORM A PLASYIC HINGE 1S LESS THAN SOME ARBITRARY
X QUANTITY, cONSTDBR CONVERGENCE 0BTAINED, OTWERK{SQE Do THE
C COMPUFAYION AGAIN,
c
25 IF [ABBFIPTYIICYC o 4)=PT[ICYC]) - +001) 234, 234, 24
234 1F [ixz) 2350 26, 26
235 PRINY 238, fH _ |
) 238 FORMAY [(3040CONVERSTION OBTAtNED FOR HWINGE, 13)
R 26 PPLIA) = PY{i€EYE)
c 233 IF [ixg) 141, 28, 28 |
c GO BACK AND EHECK THE NEXT POSSIBLE PLASTIC WINGE | OCATION.
C , ‘ ! )
28 CONTINUE
INREX 2 3
RETURN

END
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¢  SUBROUYINE LOWEST

CoMMON A, s, sDAY, EAOL. PL, Lo NMs Mo Ns MMs 1y Jo K, &PASS: KK»
1JJ, IHy 174, 172, ABC, LP1, IP1, TEMP: KZ, 1XZ, 1IPT, 1A, 1CyC,

218Z, AA» Bpo CC. DPos EEs» Bo SB» Ds SC» C» Gg, SAXe SS, RAX» AX,
SRR, RM, NPFH, CAyx, P@oPY, CPM, INDEX. 1] |

EQUIVALENCE [Al41o ASATI4], AM{411), tAll663, ANP1)), [S(295), DM

(1
1)), (SU3091, ATX(4)), (SUL7, SATIL)» UXI[1), PYI1)), (S(15), PMI1))
2+ [SI3941,PTL4)), (S{d9), §ORDI11]), (S[57), PPI41)s (S[71), P[1)]), »
SIS13233, CXX[1)), [PLI1), €Mt11), (SDATIL], cXf1), SAT1[1)., ASATL(
41))
DIMENSION A[15.,21), S[21,23), SDAT(7), EAOL[7), PL(19), PM(14),
1PYli4), CX1135), CME14), SATI24,15), ASAT(45,416)s PP(14], Uxti1s,8),
2SATX[21]), AM[45,11)0, AN[15,11), IORD(8], P(8,40), PT[40), DM(14),
SATX(143, CXX(15), SAT1{15), ASAT1(15)
C \
C PICK THE SMALLEST VALUE OF THE LOAD P,
g DETERMINE THE LOCATION OF THE NEXT PLASTIC HINGE,
AA ¢ 18000
IF [ IH =« ¢y ¢, 1, 2
2 ITEMP = NPHW
1 DO 236 1 3 1, M |
237 IF (AA = PP[1)) 238, 239, 239
239 AA o PPI(1])
NPeW = §
236 CONTINUE ,
IF [ITEMP = NPH 1 X, 4, 3 <
4 PRINT B8
S FORMAT [ 24H1SAME WINGE PICKED TWICE
INDEX =8 1
-RETURN
I IX? & =1
1A & NPH
c
c PRINT QUT THE LOBCATION DECEIDED ON FOR THE NEXT WINGE AND GO BACK
C AND RECALCULATE THE QUANTITIES ASSOCIATED WITH THIS POINT
) g PRINTING AS EACH RESULY 1S 0BTAINED, ‘
PRINT 242, IH, NPH
242 FORMAT [18HIPLASTIC HINGE NO,, 13, 4X, 13HFORMED AT PT., 13:77)
Il = 2
INDEX = 2 .
RETURN O
END
17 B i o e e S S S e e L o o St 8 e {55 £ o o S e S T S «w»—~:ﬁ%—**m

n !
: ; ‘ i
B | !
e e e e e S R A e e e R D L D it ot e e e e e e e e e e At




297.21 | e -

PAGE 1

SUBROUTINE QUTPUT _
COMMON A, S, SDAT, EAOL, 'PL, L, NM, M, N, MM, 1, Js K, NPASS, KK,
1JJ, IH, 174, 172, ABC, LP1, 1P1, TEMP, K2, 1%¥Z2, IPY, 1A, 1CvC, S
2182, AA, BB, €C, DB, EE, 8, SB, Ds SC, C, 66, SAX, SS, RAX, AX, |
3RR; RM, NPH, CAX, POPY, CPM, INDEX, 1[I
EQUIVALENCE [Al1), ASATILY, AMiELy), (AL166), AN[1))., [S[295), DM([1
1)), (SUS09), ATHI43), 1S(4), SAT(i]o UXgiy, PYIL11), [(S{153, PM(1))
2» [S[3911,PTI4)3, (S[49), JORDLLIIo [S(57), PRIq))s [(§Ll71). P(1)),
(513233, CxX(3a)), ¢PLEL), €MI1)), [SDATI1), €XI[i), SATi[1), ASATL|
41) 7
DIMENSION A118,21), 5?21a@139 SDAYI7), EAOLL71, PLI15], PM[14],
1PY(14), CX(15)., CM[14]), SATI[21,15), ASAT[15,16), PP(14], UX[15,8),

2SATX(28), AM(45,145, AN[1S5,11), Xgﬁufala P{8,40), PT(40), DMI[34),
SATH[A4), CUNIAB]), gA?lil%)o ASATL[d5]

c
c ADD ANOYHER ELEMENT 7O THE 10RD MATRIX t THIS MATRIX KEEPS TRACK
g‘ OF THE 6RDER IN WHICH HINGES HAVE FORMED.)
- e 240 1ORDIIH) & NPH S - - U
WRITE FTAPE !Tis[IORD(Ilo 1 3 3, [H)
! WRITE *APE 174, [Pf!PT. ICYC]' IpT 8 1, M)
c
c _PRINT QUT A TABLE GIVING THE VALUES OF TOTAL MOMENT, MPC,
C PLASTIC MOMENT, AXIAL LOAD, PY, AND TWE RATIO OF aX!AL LOAD TO
c PY FOR EACH POINT ON THE FRAME,
c
| PRINT 241 | | |
244 FORMAT [4HIPT,,»3X,9HTOT, MOM,,8X,3HMPC,10X,20MP,7X,8HAX, LOAD,6X, i
22HPY,18X%, 4HP/PY,//) |
DO 247 1'8 ¢, M ‘
CMti§ & 0, :
CAX o @, . .
PO 243 J 8 1, IN '
| CMtil o CH!!1 * AHt! Jdy ¢ PLJ,ICYC)
243 CAX © GAX o ANUI,J) « PlJs tCYC)
~ POPY = AB@@(CAK]/PY[!! -
IF [POPY » ,15 ) 245, 246, 246
245 CPM = @M[Z?
GO 70 247
246 CPM = 4,18 o PMII] « (1, POPY) | | |
247 PRINT 244, 1, CMI1), CPM, PMI1), CAX, PY{l}, POPY ' |
244 FORMAT [ 4MO, 12, 6F12,3 ) - N | |
T WRITE YAPE [T4,0(CMIiY. 1 ® 4, M) '" T - “"W"”"ﬁ
REWIND 174 | |
' READ TAPE 71, ABE ) | |
READ TQPE I7e,CCUXtTadYs 1 = 11,0004 8 4, IM)
CO 85 | = 10m9 .
85 READ TAPE 74, ABC " !
o | ' - [
C . PRINY OUT THE TCTAL DEFLECTIONS UP TO TH!S POINT FOR EACHM DEGREE 1
C  OF FREEDOM IN THE FRAME, | ) N . mﬁ
c o |
PRINT 248 | | |
248 FORMATI33NOTOTAL DEFLECTIONS AT TH!S STAGE, ) S [
PRINT 249 | : B |
- S S
~ |
|
L
t

Tpft

i EAE e 5 el m—
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249 FORMAT [ 4HOPT., 4, LOHDEFLECTION,//)
Do 251 I # 1, L
CXle‘Q 0. | |
D0 250 Js 1, W o
250 CX[1J 0 CHII) o PLJ,1CYC) » UXELD,J!
51 PRINY 252, 1, €X(1)
e52 FORMAT | 13, E16.7,//) i}
WRITE TAPE 174,{Cxt1) , I » i, L}
READ TAPE 2, ABE -
READ TAPE 2, ABC. h |
READ TAPE 2,(PLIT) , I » 1,1
READ TAPE &, 11811,J1, I = 1,N1,4 s 1, N
BACKSPACE 2
REWIND 3
REWIND 4
REYURN
END

PAGE 2
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o "

R e —SUBROUPINE ASM |

COMMON A, s, SDAT, EAOL, 'PLs Ls» NMs M2 N» MM» 1» Js Ko NPASS, KK.
1JJ» IH, 174, IT2, ABC, LP1, IPL, TEMP, KZ, 1xZ, 1PT, 1A, ICyC,
21BZ, AA, Bp, CC, DD, EE, B, S8, Ds SC» C, GG, SAX, SS, RAX. AX,
SRR, RMo NPH, CAX, POPY, CPM, INDEX, 1]

EQUIVALENCE (AC13, ASATIL), AM{L11), (A0866), AN[1]), (S(295), DM}
111, (803093, ATX(L1), (SL1), SAT(1), UXT1), PYL1)), (S[15), PMI1))
20 [SI30110PTI4)3, (S[49), JORDIL1)o [S[59), PPL4)], [§[71]), P(1)),
S[ST323), GXXUL11, (PLI4), €MI13), [SDATIL), CXI1), SAT1(1), ASATL(
41) ]

DIMENSION A[15,21), S[21,24), SDATL7), EAOL(7), PLI15), PMIL4],
1PY114), CX145), CHMI44), SAT[24,15), ASAT(15,16), PP[14), Ux[i5,81,
@SATX[21), AM[15,111, AN[15,11), IQRD(B], P(8,40), PT(40], OM(14),
JATY (1490 CXX(945), SATL(15), ASAT1([15)

ALTER THE STIFFNESS MATRIX TO ACCOUNT FOR THE FORMAT]ON oF THE
LASY PLASTIE HINGE,

e Ne Ne Kol

gm0 TR LINPHZ2 o 23 NPHY 211, 210, 210
' : 219 SINPH=4,NPH=1720,.75«SINPHed,NPH=1]
SINPHINPH) 8 §,
S[NPH°Q0N@H] 2 0.
SINPHoNPH={] & 0,
60 70 212
214 SINPHOL,NPHol] = 0.75¢S(NPHet1,NPHel)
S(NPH.NPH] 3 0,
SINPHoNPHe1) & 0,
SINPHCL,NBH) @ 0, )
212 WRITE YAPE 2otlgrlsv)s | & 1, Nl,J 3 1, N}
REWIND 2 ﬂ |
READ TAPE 2,[tALI,4), 1 &= 1; L’OJ s 1, Ny
B RETURN | _ s & F
END

i il et
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SUBROUTINE PHR ‘ "

COMMON A, 8, SDAT, EAOLs PLs Ls NMs Ms No MM, 1, Js Ky NPASS, KK
1Jds IHo 174, 172, ABC» LP1, IPL, TEMP, KZ, IXZ, 1PT, A, ]CYC,
2182, AL, BB, CC» DD, EEs B, SBs Do SCs» C, GG, SAX, SS, RAX,» AX,
JRR:, RM,p, NBH, CAX, POPY, CPM, INDEX, 1]

EQUIVALENGE (al110 ASATI43, ANM{L1). [ALL663, ANCL]), ([S(295), DMI
11], (SE3093, ATXI4)1, 0S[4), SATIL), UXI[1), PYL11), [S{15), PMI[1)
2, [S[S01),PTLL)), (S(492), IORDIX)}os (S(57), PPI1)], (8(71), P[1)])
S(S[323)0 GXXLL)), (PLEL), €MECL)), ESDATI(L), CXI1]), SAT1(1)s ASAT1
41])

DIMENSION A[15,21), S(21,34), SDAT(7), EBAOL(7). PLI15), PML14]),
1PYl14), CH145), CMLL4), SATI24,48)0 ASAT(48,161. PP[14), Uxt15,81),
2SATX(24), &M@&goiijq.ﬁEligai%ﬂq JORD(8), P(B,40), PT(40), UM(L14]),
JATHI449, Gux145), SATL145), ASATL(45)

RE-ENTRY POINT FOR THE COMPUTATION OF PLASTIC WINGE ROTATIONS.

1
)
'
(

aan

47 PRINT 408 | | |
408 FORMAT (36HOCOLLAPSE MECHANTISM HAS BEEN REAENED)
o REWIND 2 ' '
REWIND (72
REAB YAPE 2, tlAll,J), 1 81, L), Jd =81, N)
READ TAPE 92, ABC
READ TAPE 2, ABC i
READ TAPE 2,18DAT (1), I= 1, NM) -
DO 86 | o ¢, 6 |
8¢ READ TAPE 72, ABC
READ TAPE g?gorCH[!la 1 = 1,M)
READ TAPE (72,C0€XXI1Y, ! ®» 1, L)

@ ]

c CONSTRUET THE INVERTED STIFFNESS MATRIX (FLEXIBILTiTY MATRIX,]

DO 463 | a g,M
DO 163 J s {,M

163 Sti,J) = 0,

: DO 164 1 =
Ko §/82 ¢« { oo .
S(I1,1) & 4.0/7(3,0 « SDATIK))
S{todoled) o SI1,1)

SI1,7194) 0 «0,3e811,1)

164 S{124,7) 0 Sf1,1e1)

o] o] 134 [ g 1, M
'DM!X? 8 0o
DO 434 KoijM |

134 DML o DME]Y) & SIT,K) « CMEK)
DO 436 1 © 9, M
ATX(1l s 0,

DO 136 Kai,L N o

136 ATYIT) = ATXII) & A(K,1)eCXXEK)

1.,M, 2

C PRINT OUT TWE ROTATIONS AT BAGK POINT,

\ PRINT 838 |
138 FORMAT [16HOWINGE ROTATIONS)

U PRINT 83

o A e S e e R L ey A 0 e g et <+ 1 i et < < e 4 st g e it it e e e o e e i e <o AP R
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53 FORMAT [4KOPT,,4X,8HROTATION,//]
DO 139 !’ 1: M
L - DH!I] o ATXI[1)
139 PRINT 952, 1, H
252 FORMAT | 13, EL16.7, //)

RETURN v0 THE REaAD IN PEINT FOR K SEE |F A
LOAD SE¥S. K T0 IF THERE ARE ANY MQRE

"REYURN
END

%
-
A
)
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APPENDIX C ANALYSIS OF THE EXAMPIE FRAME

INDEXING SYSTEMS FOR THIS EXAMPLE

3 4
b

DEFLECTION AND LOAD NUMBERING

Columns = 14 W 78 Beams -~ 21 W 142

3] [ 5 | EE\

—_——t =

OO BN O
O | o 6

A Ty 7

et i s o e
hd »

MEMBER IDENTIFICATION

Q - Member Numbers
- Member End Nutnbers

-82
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ANALYS[S CF-FRAME - 7
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-~N.4160000F

-0.4160000F :
=0.2080000F

0.1iro0Cu0E
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UNTT DERLFCTECNS

how 1
hOW 2
KOW

KOWw .4
koW

KOW

FOwW - 7
KOw ?
kow 9
Fow 109
FOW 11
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UNTT ‘MOMENTS
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FOw 2
FOW 3
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UNIT DEFLFCTIONS

ROW 1 ~0.5459480FE~-NA3

KOW 2 -0.3662038E-=N2

KOW 3  -0.3712537E-n2

KOW 4 - -0.5421078F=n3

KOW 5 0:4017866E-n2

RGN & 0-40140R9E-N2

FOW 7 0.4N06534E-n2

FQW' 8 ° 0.4002757E-92
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FGW 10 -0.3179101E-n3
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KOW 12 0.4765678FE%nF

UNIT MOMENTS

Fow 1 0.8178591F 0¥
FOCW 2  -0.2642875E 01
FOW 3 0.2642874F n1

FOW -4 0.2921788E n2

KOW 5  -0:2921788E N2
How 6. 0-3053930F n2

hOW 70 -0.3n53930F n2:

+OW 9 n.

KOW 10 N.9464278F n1
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P
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5.6614

| KOW 1 -0.5430028E-03 | PL 3, 1]

| KOW 2 -0.3941991E-n2 - TOTAL FOR THIS EYOLE  5.6614

é KON 3 -0.3915028E-02

18
0
@
B
.»o'.

O

| | ._ PL 1. 27
; kOW _4 -0.5450530E-03 : ; :

. | 4 ¢ Pl 2, 21
kOW % 0.5448868F-02

0]
[0 ]
.
e
o
W
IS

PL 3, 2]

"
o
. X
D

KOW 6 0+5448868E-n2 :
: T0TAL: FOR: THIS ‘CYGLE  23.7035

E ROW 7 0.5448BABE=-02

é ROQ: 8 05448867E-02 f Pl 1, 3] = 9..3446
; po;; 9  -0.51504R4E-n3 - Pl 2, 3] = %5.,9513
3 ROW 10  -0.3269616E-n3 Pl 3, 31 = 8.0136
]

KOW 11 0.338068BE-n3 TOTAL FOR THIS CYCLE  23.309«

3 HOW 12 0.5049607E-n3

| T MOMERTS - PL 2, 4] = 5.6447
L ROW 1 0.1358903F 02 | | Pl 3, 4] = 8.2951

kow 2 0.1411018E 01 | TOTAL FOR THIS CYCLE  23.200%«

- kOW 3  -0.1411019E 01 . ' . : g

[T ROV UV, JUNIR N

FOW 4  0.3225827F n2 Pl 1, 9] = 93271

é Rog 5 -~0.3225827E 02 ! CPL 2, 9) = 52433

? KOW 6 0+3155276E 07 ; Pl 3, 91 = erqu, ’

% KOW 7 -0.3155276E 12 B TOTAL FOR THIS CYCLE  23.164%

I ROW B -0.476R372E-né

! : UNIT ‘MCMENT AT ‘A" SET TO ZERO b Pl 1,10 = 9.3299

1 kOW 9 n. '. Pl 2,10) = 52322 & ‘ I
FOW 10 0. ’ Pl 3,10) = 8.6019.

UNIT AX1AL LOADS TOTAL FOR THIS CYCLE 23.1640

MEMBER 1 =[,2491297€ 02

MEMBER 2 ¢.38146976-05 CONVERSION OBTAINED FOGR HINGE X °
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FT.

TOT. MOM,

9

10

142,467
-78,178
78.178
o2t.831
“62F,.831

. 597.418
597,415

" -141.008
141.008

141.168

MEC

143,462

143,462

1071 <000

1071..000

1071.000

1071.000
1071.000
10/1.000

141,056

141.056

P

492.000
402,000
1073000

1071.000

1071.000

1074.000:

1071.000

1071.000°

402.000

402.0u0

TOTAL DEFLFECTIONS AT THIS STAGE,

PT.

DEFLECTION

1

n

10

rij 1

12

-0.1255620E-01
*0.7661273E-01
~0.7541214E-01

[0 12€4750€-01

N.7720692E~0.3
0.7709430E-01
n.7686907E=01.
0.7675645E~01
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-0.6461324E-02
n.6510625€-07

0,8974690F-07
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TUNIT REFLFCTICNS : FLASTIC HINGE NO. 4 FORMEr AT FT. 2

kOW 1 -0.5331299F-N3 ’ Pt 4, 1] = 7.6297

ROW 2  -0.4RB0432F-07 | - TOTAL FCR THIS CYQLE 76297

.
‘kow 3% - -4593806E~-N2

_ I - Pl 1, 2) 5.598 .
KOw 4 “0-5549259F~n3 Y, - , ) :

_ o Pl 2, 21 = 4.3R57 :
KOW 5 0.16954€7E-n1y .
‘ o . PL 3, 21 = - 7.128¢9
(HOW 6 . 0.1695467FE-n1 , . C
_ - Pt 4, 2] = 9., 5486
ROW 7 0.16954€7F-ng . o
e TOTAL FER THIS CYCLE  26.623n
FOw 8~ 0-1695467E-n1
KOW 9 ¢« =0.7073771E403 ; ) Pl 1, 3] = '5.7353
ROW 10 i -0.4n35064F-n3 Ly Pl 2, 31 = 3.9156 i
- KOW 11 | 0.4152766E-03 , PL 3, 31 = 654044

‘A
At
"

13 A
ROW 12 0.6001377E-n3: PL 4, 100619

‘ | TOTAL FOR THIS CYCLE 26,1772
UNIT MOMENTS

6.:2519

ROW 1 ° 0. PL 1, &)

. KOW 2 = 0.1%00005E n? Pl 2, 8] = 3.5142

kOW 3 . -0.1500005E np ; PL 3, &) 6.2000

! I ‘
FOw 4 . 0.4245004E 02 : : Pl 4, R) = 10..2605:

-

FOW 5 @ -0.4745004E np : 3 TOTAL FOR THIS CYCLE .26.:2264¢

OW &  0.3495001E N2

Pl 1, 9) 6.2552

OW 7 : -0.3495001F n2
| L , . ? PL 2, 9] = 3.5072
OW B | -0.7152557E-n¢ -

* UNIT MCMENT AT R SET TO: ZERD PL 3, 91 = 6. 2039 i
o ;. f E -

poe e o | TOTAL FOR THIS CYOLE 26,226
UNTT ax1AL LOADS i V

S e

MEMBER 1 -0.2446000F 02 _ CONVERSION OBTAINFD FCR HINGE 4.

MEMBER 2 0.7629355F4(4
| :

TEMBER 3 -n.64R49ESE-(4

KEMBER (4 0.1525879F 114

MEMBER %5 =n..2546000nF 02
| 5 ' |
|

-~ |
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T, TUT. MOMm. MEC ME. AX. LUAD PY- E/PY UNIT NEFLECTICNS

FOW 1 -0.5440279F-n2

I 107.112 102,113 4an2.n00 ~64% 066 A28 B4y, U, RS *‘\\\N
- ‘ - ~—_  FOW 2  -0.3P44548E-n>
. plte.118 102,113 402.000. ~64n,066 D6 . R4( . /8% '
A | o hOW X -0.3P44547F-n3
23 ‘b“’-113' to7r.ael 1071.000 (=17 611 1803, 360 L.np8 ' '
? ‘ - , - , FOW 4 '-n.544n279E-n2
= % _ ) . FOW % N.1265333F na
5 “b/1.22/ 16714000 10/1.000: “1¢ 612 1508 . 360 L.oyd
', o o . KOW 4 0.-1265333E n4.
/e 901 10/1.,000 1071 .000 =1 ,61.2 1503.306U L.,ulo '

o

; , L . . 5 FOW 7 0-1265333F n4

/ MEXER K 1U/71.00U 107/1%000: “144012 1503 . 90U L.uld .

: é o FOW A  0.1265333E n4

| B §9¢.53¢ 1071..000 1.071.000 S12.612 1503, 360 t.opR | |
' - §SO7POF‘WS

KOW 10  <0.3200519E-02

: ; . . . : KOW 9 ‘..‘0'.4
Y 'Y¥4.539 54,5b¢ 4U0ec.0uD -66L.1/0 825 .84V L,oUl

e iya.636 54.562 402..000 ~£6141.76 R25..840 U.R01

‘ g - FOW 11 0.3200519E-n3
NOTAL DeFLECTIUNS AT THIS 'STAGE. TN

FOw 12 0.46507R0E-13

NI 2 I BEFLECTION

DEFLECTION TOO LARGE

1 -0.141252-E-01 , , .
; i COLLAPSE MECHANISM HAS REEN REACHEL

"¢ -n.10%1598E-Cn -
i ; FINGE ROTATIONS

'3 -n.994021nE-01

FT. KOTATICN

4 -n,1441100E-01 '
' i _ 1 =0.137673¢E-01.
5 0.22R104ZE-G( ”

| % 2 =0.9094947E-11
L6 n,ﬁ2a02875-0n

5y

. 3 3 -=0.1818989E-11
7 ﬁ.g?za7775:00 . :
| v i 4 0.3562797G6E-11:
OAK%IBUZ?E—UD ' o
' 5 0.

~0.1376740E~01 o ~ ’
g Rl ) ’ 6 N145519ZE=~-10
“N.E61911RE~(? ‘ B
g : : 7 0.3637979E~10
0.87V3426E-0? i . .
- i ) B N.9640644E~-10
0.12?6149E-01 . ‘ : '

it

s :
AT < DN =~ W —

- 9 ~N.2621697E-01

i ‘ i 3

- . 10 =0.1385121E-01

; : EXIT CALLEC,
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