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S0 Rdesl way 0f 4@ésicning structures Ls by LIl
(n3>
e w b B = s, Ty s, o mmy o =3 ﬁ..dJ)..‘,) - i mny iy ey nmm, T B
State" approczcna. Tnoe metnod examines the structurzl oseheavicox

mate lcad. This approach incorzorates the three importanc
conditicns that govern design solutions: (a)} adeguate strencih
to sustain ultimate loads (b} adeguate ductility at all
critical secticns and {c) adeguate serviceability at working
ioads. Ultimate strength design, working stress design are
particular cases ¢f this limit state approach. Wher

safety is the contrclling factor in design, ultimate strength
is more rational method of designing concrete structures

than working stress design. One problen, however, is to
Getermine the collapse load at which the structure develops
into & mechanism. This is often tedicus and time consuming
wnen computations are done by hand. With the advent of
computers, wotwqmﬁ. such tedicus computations can be aveided
and collapse loads can be computed qguickly and easily. In

working stress design, since serviceability is the coverning

-~

R R

at service loads which are stipulated in the ACI code.
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case ¢f concrete, and yield sitress in case ©f stesl, cepentlnc
cn the factor of safely used. The znelysis methods wsed

were always linear elastic., However, the important con-
sideration in an engineering structure ig whether the struc-—
ture will carry the intended lozds or perform 1ts intended
function. Moreover, assuming that the stress in the

structure should never excsel the elastic limit is not
rezlly reasonable. In fact, in most structures, loczal
slastic flow will cccour at points of discontinuity in the

ceometry and at stress raisers, and further residual stresses

may already be present in some parts of the structure even

In these design procedures, no attempt is made to determine
the stresses wbm strains in the structure, but rather,
what is sought is the load carrying capacity or limiting
load at which the structure will collapse. This type of
analysis is called ccllapse leoad analysis and the Zozd at
collapse is called the ultimate load.

many design problems where safety is the governing

o
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NATIONAL INFORMATION SERVICE

EARTHOUAKE ENGINEERING
GOMPUTER PROGRAM APPLICATIONS

IDENTIFICATION
ULARC: Small displacements elastosplastic analysis of plane frames

Programmed: A. Sudhakar, G. H. Powell, G. Orr, R. Wheaton

PURPQOSE

The program computes the node displacements, member forces, support reactions,
pltastic hinge rotations and rigid-plastic collapse loads for plane frames
of arbitrary shape subjected to static joint Toads and support settlements,
The program is applicable to low-rise frames of steel or reinforced concrete.
Large displacement (P-4) effects are ignored. Non-proportional loading, in-
cluding reversed loading, is permitted. The members may be of nonuniform stiff-
ness and strength

RESTRICTIONS

Dimension statements Timit the program to frames with no more than 50
nodes, 10 supported nodes, 15 different member shapes, 20 different cross
section strengths and 100 members. In addition, the storage occupied by
the structure stiffness matrix may not exceed 3000 locations. The capacity
can easily be expanded.

STRUCTURAL IDEALIZATION

The frame is defined by a series of nodes (joints) connected by one
dimenensional members {elements) possessing both flexural and axial stiffness.
The nodes must be numbered in sequence. This numbering should preferably
be chosen to minimize the largest node number difference within the members,
but this is not essential. The members must also be numbered in sequence, in
any convenient manner,

A coordinate system, X, Y, with axis Y 90 degrees counter clockwise
from axis X, is established to define the node locations and load directions.

Supported joints are assumed to be restrained by elastic springs, which
may be parallel or inclined to the X, Y axes. A rotational spring stiffness
and two translational stiffnesses along a pair of axes A and B must be
specified, where axis B is 90 degrees counter-clockwise from axis A. In
addition, the angle between axes X and A must be specified for inclined
supports. Realistic spring stiffnesses should be assigned, taking into
account the fact that real supports cannot be completely rigid. An essentially



‘rigid support can be obtained by assigning a very large stiffness (e.q. 1010 k/in).

Yielding may take place by the formation of localized plastic hinges at the
member ends. The moment-curvature relationship at a plastic hinge is
assumed to be of rigid perfectly plastic type (that is, shape factor = 1.0).
Strain hardening effects may be approximated by placing two or more members
of appropriate strengths and stiffnesses in parallel.

Members of nonuniform stiffness may be considered by specifying end
stiffness and carry-over factors. The plastic moments for any member may
be different at the two ends of the member and for positive and negative
bending.

External loads may be specified to act at the nodes only. Support dis-
placements may be specified at any supported nodes. The displacement is
applied not directly at the node, but at the base of the spring, or springs,
supporting the node. If the support spring stiffness is very large in
comparison with the structure, the displacement at the supported node will
essentially equal the specified displacement. However, if the spring stiff-
ness is low, the node displacement may be substantially different from the
specified displacement.

METHOD OF NONLINEAR ANALYSIS

The load-displacement relationship for the idealized structure is piece-
wise linear between "events", where an event corresponds to the formation of
a new plastic hinge or unloading at an existing hinge. Beginning with the
structure in its initial unloaded state, a load increment is applied and
an analysis by the direct stiffness method is carried out, That proportion
of the load increment required to produce a new event is determined. The
results are then scaled linearly so that the state of the structure corresponds
to the occurrence of the event. A new structure stiffness, accounting for
any new or unloaded hinges, is then formed, a further load increment is
applied, and the process is repeated. Within any load case, the seguence
terminates when one of the following occurs:

(a) A collapse mechanism is produced;

(b} The full specified loading is applied;

(c) A specified maximum displacement is reached. The analysis then
proceeds to the next appropriate load case.

INPUT DATA.

The following sequence of punched cards defines the probiem, Units must
be consistent throughout,

1. TITLE {12A6) - One card.
Cols 1 - 72: Problem title, to be printed with output

2. CONTROL INFORMATION (1215) - One card.
Cols 1 - 5: Number of nodes {max. 50).



6 - 10: Number of "Control" nodes, for which coordinates are
specified directly. See Section 3.
11 - 15: Number of node coordinate generation commands (no limit).
See Section 4, .
16 - 20: Number of supported nodes {max. 10) See Section 5.
21 - 25: Number of different member stiffness types (max. 15)
See Section 6.
26 - 30: Number of different cross section strength types (max.
. 20). See Section 7.
31 - 35: Number of members (max. 100).
36 - 40: MNumber of generation commands for member locations.
See Section 8.
41 - 45: Number of generation commands for member stiffnesses.
: See Section 9.
46 - 50: Number of generation commands for member strengths,
: See Section 10.
51 - 55: Number of load cases {no limit ). See Section 11.
56 - 60: Maximum number of analysis cycles permitted within
any load case. It is possible, although rare, for the
: solution to get caught in unending cycles of loading
and unloading at plastic hinges. To avoid waste of
- computer time, execution will be terminated if the
number of separate analyses for any Toading case exceeds
this number. A recommended value is approximately
1.5 times the number of plastic hinges required to cause
collapse. If in doubt, specify a very large number.

3. CONTROL NODE COORDINATES (15, 2F10.0) - One card for each control node.
Cols 1 - 5: Node number,.in any sequence.
6 - 15: X coordinate.
16 - 25: Y coordinate.

4. NODE COORDINATE GENERATION (415, F10.0) - One card for each generation
command. Omit if there are no generation commands. See Note below
for automatic generation feature.
Cols 1 - 5: Number of node at beginning of generation line.
, 6 - 10: Number of node at end of generation line.
11 - 15: HNumber of nodes to be generated along the line.
16, - 20: Node number difference (constant) between successive
: generated nodes, and also between the first generated
node and the node at the beginning of the generation
Tine.
21.- 30: Distance between successive generated nodes. If
greater than or equal to 1.0, assumed to be an
actual distances If less than 1.0, assumed to
be a proportion of the distance between the beginning
and end nodes. If zero or blank, the nodes are automati-
cally spaced uniformly along the generation line.

Note: Only straight line generation is permitted. The number of nodes
generated by each command may be one or any.larger number. The coordinates of
the two nodes at the beginning and end of the generation line must have been



previously defined, by direct spe¢ification or by previous straight line
generation. If these coordinates have not been defined, a warning message is
printed. .

It is not necessary to provide generation commands for nodes which are
(a) sequentially numbered between the beginning and end nodes of any straight
line, and (b} equally spaced along that line. After all generation commands
have been executed, the coordinates for each group of unspecified nodes are
automatically generated assuming sequential numbering and equal spacing along
lines joining the specified nodes immediately preceding and following the group.

5. SUPPORTED NODES (15, 4E10.0) - One card for each supported node.
Cols 1 - 5: Node number, in any sequence.
6 - 15: Translational support stiffness along A axis.
16 - 25: Translational support stiffness along B axis.
26 -~ 35: Rotational support stiffness.
36 - 45: Angle (degrees) between X axis and A axis, measured
counter-clockwise from the X axis.

Note: Any of the support stiffnesses may be zero if desired.

6. MEMBER STIFFNESS TYPES (I5, 6F10.0, 2I5) - One card for each different
type. See Note below.
Cols 1 - 5: Stiffness type number.
6 - 15: Average cross sectional area.

16 - 25: Reference value of flexural moment of inertia

26 - 35: Young's modulus of elasticity.

36 - 45: Stiffness factor Kjj.

46 - 55: Stiffness factor Kjj.

56 - 65: Stiffness factor Kyj.

66 - 70: Cross section strength type at end i. This is
optional. If left blank, no specific cross section
strength is associated with this member stiffness
type, and a section strength must be specified in
Section 70. If the number of a cross section
strength type is punched, the specification of
member stiffnesses in section 9 serves also to define
the cross section strength, and this need not be
specified separately.

71 - 75: Cross section strength type at end j. This is

. optional, as for end 1.

Note: The flexural stiffness matrix of any member is of the form

Elp Ki;  Kij

L Kig  Kys

in which E= Young's modulus; I, = réference moment of inertia; L = member
length; and Kij, Kjj and Kjj are stiffness factors. ,

For a member of uniform stiffness, Kiji = Kj; = 4.0, Kj = 2.0, For
a uniform member with a real hinge at end j, Kjj = 3.0, Kjj = Kij = 0.



.For tapered members or members in which shear deformations are important,
appropriate stiffness coefficients must be determined. It should be noted
that the collapse load of a rigid-plastic frame depends only on the member
strengths, and not on their stiffness properties.

7. CROSS SECTION STRENGTH TYPES (15, 4F10.0) - One card for each different
cross section strength, defined by the ultimate moment capacity of the

section.

Cols 1 - 5:
& - 15:
16 - 25:
26 - 35:
36 - 45:

Strength type number.

Ultimate moment for clockwise moments acting on the
member end.

Ultimate moment for counter-clockwise moments acting
on the member end.

Limiting plastic hinge rotation capacity for clock-
wise moments acting on the member end {radians).

See Note below.

Limiting plastic hinge rotation capacity for counter-
clockwise moments acting on the member end (radians}.

Note: Specification of limiting hinge rotation capacities is optional,

1f hinge rotations are not of concern, leave blank or punch a large number.
If the specified rotation at any hinge is exceeded, the rotation is marked by
an asterisk in the computer printout. This helps to identify sections at
which excessive plastic deformations are taking place.

8. MEMBER LOCATION GENERATION (5I5) - One card for each generation command.

Cols 1~ 5:

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

8, MEMBER STIFFNESS

Membeyr number, or number of first membr in a
sequentially numbered series of members to be generated
by this command.

Number of node at one end of this member (node i),
Number of node at the other end of member (node j).
Number of last member in series. If this command
covers only a single member, leave blank.

Node number difference. For each successive member
in the series, the numbers of nodes i and j are
obtained by adding this number to those for the
previous member. If this command covers only a
single member, leave blank.

GENERATION (415} - One card for each generation command.

Note that if cross section strength types have been associated with

member stiffness
generate some or
Cols 1~ 5

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

types {Section 6), these commands may also serve to
all of the member strengths.

Member number, or number of first membr in a series
of members with identical stiffnesses. The

members in the series must be regularly, but not
necessarily sequentially, numbered.

Stiffness type number. The stiffness coefficients
will correspond to the i,j ends as defined in
Section 6, .
Number of last member in series. If this command
covers only a single member, leave blank.

Member number difference, n, If the first member in



do.

the series is m, the members in the series are
m, m+n, m+ 2n, etc. If this command covers
only a single member, leave blank.

MEMBER STRENGTH GENERATION (5I5) - One card for each generation
command. This number may be zero if all strengths have been defined
with the member stiffnesses in section 9. The strength generation
commands must be used to specify strengths not previously specified
by Section 9. The commands may also be used, if desired, to change
any strengths previously specified by Section 9.
Cols T - 5: Member number, or number of first member in a series
of members with identical strengths,
6 - 10: Strength type for cross section at end i of member.
11 - 151 Strength type for cross section at end Jj of member.
16 - 20: Number of last member in series. If this command
covers only a single member, leave blank.
21 - 25: Member number difference, n, as defined in Section 9.

11. LOADINGS - One set of cards, as follows, for each load case.

11a. Control Information (315, 2F10.0,45A1) - One card.
Cols 1 - 5: Number of generation commands for applied external

Note:

loads on nodes. See Section 11b.
6 - 10: Number of generation commands for nodes with specified
support displacements. See Section 1lc.
15: Load application code. If zero or blank, the loading
is to be added to the loads acting at the end of the
previous load case. If 1, the structure is reinitialized
to an unloaded state, and the loading is then applied.
16 - 25: Load factor. The loads specified in sections 11b
and 1lc are scaled by this factor to define the -
Toads to be applied to the structure. For example,
if working loads are specified in Sections 11b and
-1lc, then the load factor might be a typical design
load factor. If load is to be applied until the the
frame collapses, enter a large number (e.g. 100).
26 - 35: Limiting displacement. If the absolute value of
horizontal or vertical displacement at any node
exceeds this value, the results are scaled to reduce
the displacement to this value, and the load case
is then terminated. A Timiting displacement may be
specified if the limit of usefulness of the structure
is reached prior to complete collapse, or if cyclic load~
ing of the structure between specified displacement limits
is to be applied. If the analysis is to be continued
to collapse, leave blank.
36 - 80: Load case title, to be printed with output.
If the limiting displacement is reached, the program moves to the
next load case. If collapse occurs, the program moves to the
next load case for which the load application code is equal to 1.

11b. Nodal Load Generation (15, 3F10.0,2I5) - One card for each load



- generation command.
Cols 1 5: Node number, or number of first node in a series of
nodes to which identical loads are to be added.
6 - 15: Applied external load acting in direction of X axis.
16 - 25: Applied external load acting in direction of Y axis.
26 - 35: Applied external moment, clockwise positive. !
36 - 40: Number of last node in series. If this command covers
only a single node, lTeave blank
41 - 45: Node number difference, n, as defined in Section 9.

‘Note: Any node may appear in several generation commands. The total loads
appiied at such nodes will be the sum of those specified in the
different commands,

11c. Support Displacement Generation {I5, 3F10.0, 2I5) - One card for each
generation command.

Cols 1 - 5: Node number, or number of first node in a series of
nodes to which identical support displacements are
to be added.

6 - 15: Support base displacement in direction of X axis.
16 - 25: Support base displacement in direction of ¥ axis.
26 - 35: Support base rotation {degrees, clockwise positive).
36 - 40: Number of last node in series. If this command
covers only a single node, leave blank.
41 - 45: Node number difference, n, as defined in Section 9.

Note: Any node may appear in several generation commands. The total
displacements applied at such nodes will be the sum of thopse
specified in the different commands.

12. NEXT PROBLEM

The data for a new problem, starting at Section 1, may be added
if desired. Any number of problems may be solved in a single computer
run, provided there are no fatal errors present in the data. Any
such error will lead to termination of execution within the problem
for which it occurs. Add two blank cards after the Tast problem.
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PROGRAN ULARC { INPUT,OUTPUT)
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S IMPLE ELASTO=PLASTIC ANALYSIS 0OF PLANE FRAMES

PROGRAMHED BY A. SUDHAKAR. G+ M4 POWELL+ G. DRR. R. WHEATOW
UNIYERSITY OF CALIFORNIA, SERKELEY. CALIFCRNIA
1972

01STE1BUTED RY NISEE / COMPUTER APPLICATEONS

nuu-gl!i»-auiiQnillnuCQO|»nuulIQOiIOinliuIloQiﬂalnliluciﬁcl'lllllo

LOmunn FLONTRS maCmq.mnromquninanzmr.bZMF.ZFn.xmbn.szm.Zmﬁnmuﬂw.
t ZwLaw.U!)x.Zﬂmﬁ!.ﬂhx.Zan.!mhzc

COMMEIR /ININTZ XU5Q1 Y501 RRTOT{50+3)

LoMunN SHECTASY YRMP{20) s YMNL201ROYCP(20) +ROTCNL 2D

CoHMDk FEANSS 51501 (RR{150)HALIS0FRIL50E

[Qunik FSTFTBRRY AALLSI1ELLSFoX1(1SE SKITEAS)  SKIJULETLSKTINLSS

1 NSFSLILLGINSFSCIELS)

CoMMGh FF ST/ mquwo“.mvwnwo-.wvﬁmwo-namw_pa—-wu2m-ou.

i ZWvg»~o..mvmnbﬁwow'mvmﬁm-»c~.mvmﬁpnp0_

COMmON FSTIFF/ mﬁ.w.w.qmzp.u.au-ﬂx_u.u-.mxbam-mwabrh_o.mw-

i (MIb I hi3.Bb ABE3, 6

[ MMON /MEMBER/ wzuapoo..H:Lauoo_«zocunwOO-.ZODgﬁnoo..amﬂqvgwoof
NSECI4100F,NSECILLI00),
wwaam—ao.uu<<wﬂmﬂawoo.uw¢<v41—HaQ-W—.cvﬂzﬁwcn.wv.
S{100.3) VP{100.3}

-

COMMON 3KEI0000
HAYL =3000

SET UP STRUCTURE DATA

NLE =D

LALL INPT

NED=NJITS*}

CALL BAND(

PRINT 73. HA{NET) s%AXL

ENRMAT /777 £200 STRUCTURE STIFFNESS//

i i0%.194 STORAGE REQUIRED =Ia/

¢ 10X, 194 STORAGE PROVIDED =153

T5 (MAINEQHLLE.®AXL) GO TR 30

Chee FriT

SET up LOAD CASE

NLCRLESE

TE {MLC-GT.MLCS) G0 T0 LG

NCYC=0

XFAC=C,

CALL LDAD

‘NORE LOAD CASE [F KOT APPGOPRIATE

PAGE 2

1= (1RUST.5T.0) GO TO 30

C¥CLE WITHIN LOAD CASE

NCYC =N YO+ )

16 (NOCYCLLELNTERME 60 7O 60

PRINT 50

EOgRWET( /S /74210 NUMBER OF CYCLES EXCEEDS LINIT)

18UsT=2

G0 TC 10

erarM STAUCTURE STIFFNESS

LalLL STEF ISXY}

S VE EouitiBRIUM EQUATIONS

no T F=1.NER

pagly=PRLly

rALL CPTSML LSK RR,MASNEG) Lo ko 1D
CELL MPTSOL | Sk RR4NASNED Sal.23

BETERYINE L JAD FACTOR FOR NEXT EVENT, UPDATE STATUS

Taust=0
TCLOSESN
ralt ¥oAck

GuTPUT RESULTS

F (ICLISELEG.I) 50 TT 40
1£ €T1BUST.L2.11 50 TO 30
CALL QUTPT

1F 31RUST.NELOE RO YO 30
IR S

END

[aXaXal

[iZalel

man

[alalal

(xRl

mo,m

fakalal

page 3

SUBRDUT INE INPT

COMMON FLONTRY/ mmcmA.wﬁﬁomm.Zn<n.Htmr.uZmﬁ.Zrn.xﬂrn.zmrm.zmo.Zgﬂw.
1 HEIT S+ OMAX NTERM FAX HLCSMBAND

COMMON FJOI KT/ L5001, YISOV RRTOTiS50,3}

EOMMON FSECTARY YRP L2007 YMNE20) LROTCPE20) ,AOTCHI2D)

£ OMMON FEQNS/ PPELS0)RE (1501, NAL 1501 RILSDE

CONMOR  F5TFTAS/ >>n—mu.m*wu_.xn_umu.mﬁuunwmv.wXL&_—wu.wxuupru_.

i NSFSCICISH,NSFSLHLIS)

COMMDN FSUPIT/ mnbgpo_.mvm.wcw.mv»ﬁuo_'ncmmmwn_‘MMnguof

1 xmv;am0-mvmwa~oo.mvﬂumﬁaou.wnﬂ”nn—c»

COMMDN JSTIFF/ mxﬂw-w..mquu.mw.mx.u.u.cmx-nu4¢_‘>nbnw.o.-

1 EMEAY JA3 450 AB1D,8)

COMMON FMEMBER S qunHOOU.MXu—onu.znouaFDD_.zcouﬁuao-42mﬂﬂﬂ*nnau.
H REECTE100) y NSECI(L00T,

b4 wM04¢—co.m_.<vda4*"uo.w_.cmqvawoo.a_.<v42~—ao.wa.
2 SLEDG, 31 aYPLLIDD. D)

COMMON FFITLE/ HEDLEZ)

READ AND PRINT CONTROL TNFORMATION

READ 10, HED, NJTS,NUKCP , NUMNG (NSJTS NUMEFT (NUMCSTLNELS o MUMEG NUMSF
16 NUMSTG. NLCS o NTERM
18 FORMATEL2A6/121%)
IF (KJTS.EQ.ON CALL EXIY
PRENT 20. HED.NITS,NUMCP ,MUMKG., NSJTS, HUNSET L NUMC ST, NEL S NUYEG, NUMS
1EG, NUMS TG, NLLS . NTERM
20 FORMAT{OHIULARL y2Xr

1 C5HSIMPLE ELASTO-PLASTIC AMALYSES DF PLANE FRAMES,.2X,
2 17HUT . BERKELEY L9T2//1H +F2ZEEHOR/FIH LZAOS /1M (T2 1w dd i
3 34H NUMBER DF RODES (S 574
% 34H NUMBER OF CONTROL NGDES {5/
5 34 NUMBER DF NODE GENERATIONS =§1847
& 34K NUMSER OF SUPPORTED NOOES =154t
k4 34M MUMBER OF S$YIFFNESS TYPES - {54
8 34H KUMBER OF SECTION TYPES =1RIS
L] 344 NUMSER OF MEMBERS =15/
s 244 NUMBER GF WEMBER GENERATIONS =15/
] 34M MUMBER DF STIFFNESS GENERATICNS =15/
s 34H NUMBER DF STRENGTH GENERATIONS =15//7
[ 34H NUMBER DF LODAD CASES =157/
+ 34H HAXTHUM NUNSER DF CYCLES (3371
THITIAL EZE MODE COORDINATE ARRAY
D0 30 Nx=1,NJTS
XINI=9F99999.99
30 YINI=999999.99
CONTROL NODE COORDINATES
PRINT 40
&0 FORMAT////7254 CONTROL NCDE CONRDINATES//
1 51 NODE , 9%, SHX-ORDs X« SHY=0RD/}
PAGE 4
DD 50 N=1.NUKLP
READ 60y LeX(I),¥iE)
50 PRINT T+ T XLDh,¥iE}
60 FORMAT(IS.2Fi0.0F
T0 FORMATIIA X, 2Fikl3}
EXELUTE GENERATION COMMANDS
£ UNUMNG.EQ.D1 6O 1D 120
PRINT 80
80 FORMATLZ////31H CONRDINATE GENERATION COMMANDSS
1 BH FIRST 3Xs4HLAST 3N, 40N0. QF , 3%, 4HNODE . & X, BT [ STANCE S
2 &H zoum.ux.#12acm.ax.wxznumm.ux.rxuumﬁ\_

0O L1L0 N=1.MUMNG

READ 90+ RO ND.J,yNN,ND,PFOF

PRINT 100, MDI . %DE,NN.KDPROP
90 FORKAT{&1S,FL0.0}

EBG FORAMATIIS,17,38,18,F13.23

CALL LINGEN §X, Y NDT.NDJ NN ND.PROPY

110 CONTINUE

GENERATE UNSPECIFIED NODES

120 K=}
130 K=Nel

TF {N.GE.NJITS) GO TO 150

FF [XIN}.NE.999999.9%) GO IO 130
NDJ*N

NOT=N-1

140 NDJaNDJ+1

[£ (NDJ.GT-NJTS) BO TO 1350

1E ¢ RINDI}EQ,I99999.6%) €0 TO 140
HN=NDJ=NDI- L

PROFP=C.

CALL LINGEN {K,YeNOL.NDJ NNy1,PROF
N=NDJ

GO TO i3

150 CONTINUE

LOMPLETE NODE COORDINATES

PRINT 140, IR XN YENEN=1  NITSS

160 FORMATI//FF726M COMPLETE NODE COCHDINATES/S

13 SH NODE, 9% SHX-0RD. G Ky SHY=DROS/
z 114, 1K 2F14.2))

SuPeORT SPRING UATA

PEINY 172

1T FORMATE/ASI//LER SUPPORTED HIDF3//
1 SH ZOWm.rx.rwrbamuunnzm»w.ax.ﬂHImlmﬂnm¢lmmm-nu‘
? 1IHR-STIFFNESS  BX.SHANGLES)

REAT 1BC. _zmuuaxa-wﬁpn!_.mnm_xu.wvw.l_.nawm.t_.lu#.fmcqw_
PATNT 190, -;mvunzu.wv-.:_.wvm-l..mum_x_.nnmm.:u.l.d.zwudm_



FaNa¥3)

AT

SRERA)

1B FORMATIIS,«E10.0)

160 FOamMATIIL, 1¥, 3E15.6,F13.29

D0 200 N=l.NSUTS

SIS =3INICDSSINI®*. QL T4«5329)
COSS{WI=3CRTI L.~ INSINI»=2]

ra
=)
<

MEMKER SYIFFNESS TYPE TABLE

READ 270 (M RAINEXIANICEANISSRITIN}SEIJIINTGSKTIINI  NSFSCI{RG NS
PEEC AN o= ] NUMSFT
PRINT 200y (N AALN) s XIENE BN SRETER e SKIJINT  SRTJINI JNSFSCTINS N
TS AN W M= La NUMSFT
210 FOFMAT{IG,EF10.0.2T79)
Fa0 FORMAY (7 /2421 STIFFNESS TYPE TABLE/S/
i Tt STUFF Lo Xy THEECTION 4, INMOMENT OF s 6%, 7H YOUNGS,
2 Tx,20n STEIFFNEST COEFFICIENTS +&6X,18HSTRENGTH TYPES/
ExeTH  AREA (4 %h TMERTIA 46X, THWODULUS,
5 Fota, VAR I SN ARSI SX IHKT I, LIREND ] END X/
£ ik TXLFFIALE FL2L1 6K42FBL3,8X,13,T00

% T

SETIIN STRENGT~ TYPE TABLE

READ F30. IR YMOERTYRNING LROTOP{N ) (ROTOHENDY ¢ Mx Ly NUKCST
SRINT 240y TNy TRPINT L YMNINY (ROTCP NI ROTCNENT « R 14 NUMCSTL
230 FORMATI15.4F 10,04
240 FTRMEVI sS4/ 2d0 SECTION STRENGTH YYPE TABLES/

H HHOSECTIONSFX G2 1R YIELD MOMENTS +EBX,
zZ clHHINGE RDTAYION LIMTTS/

3 HH TYPE 8%, BHPOSITIVE 5X, SHNEGATIVE» BXy
£ BMPOSITIVE o 5X L BHNEGATIVE /7

5 (169K, 2F13.2, 3K, 2F 15,50}

N 250 N=1 KNUMLST

TF ROTCPERTLEQ.LOLF ROTOPINISELELD

YF OHRUTONINILED. G} ROTON{MI=1.EIC
S50 @NTONINY -ARSIROTONINTT

WEMAER L OCATI N GEMERATION

PRINT 260
200 EOAMATU/ /172 TH MEMIER LI aTION GENERATIONS/
1 e FIRET 4R 4 BNODE . X ARNDDE 1 4X s 4HLAST S 5K, 4HNDDE S
7 f MEMEER 65 . EHE y TR THI 14Xy SHMEMBER (4 X, #HDIFF/ }
TIC 300 Nusi,NUYES
REAL 270, WFELNDI,NDJ. NN ND
GRINT ZAD. KFE.NDT ¢NOJ.NA-ND
S0 FORMRTIRT S
JED FOIRMATHE

H.ths.18.1%)

ik (NR_EQ.0 ) NN=NFE
NeiNN=RPE )

[OOSR B Y
NOLDEUIMFE S NIIL
NODIINEE Y =NDS
NEE=NFE «}

PAGE &

N3 MO e ND
L2 ril )+ ND
29§ TINT FNUE
36T ONT ITNUE

MEwEER STEIFENESS TYPE GENERATION

CRINT 310
CORBATIZfsdFr e STISFNESS TYPE GENSRATIONSS
i ih FIRST,EX,GHETISFRESS $X.7H  LAST JEX . GHMEMBER/
Tod MEMBERGBX, TH TYPE 45X« TH &EMBER,SN. 68 DIFF /)
3 S NLWSFR
CAT 20y NAMGRTP.NLM, MO
FIAT 330, NEMLNTO.NLME,MD
1s +PEL2TIERlE)
BAD - MAMAT IS, TR, 16, AN 154 TR Te}

MLRLISUY G TR 340
FRg MoNE M} NN
TO3RD

L
4n MEE NEMe

wEREER STHEWRTH SENERATION

430

Py

EEYIN e
- .._hmu.:\?._...‘.h[. STRENGTE TvoL CENERATION//

fe TIEET, AMLnPSTRENGTH.GX,EASTRENGTH, SXeTH  LEAST +5X,6HMEMRERS
. IH MEMEEn “ TYFE | +5X48H TYPE J 49%,TH MEMBER &K 50 DIFF/)
NIME
NERLCNTEL, JTP NG ¥, M0
ST ALNMTET CRT P 3 NLHMD

CEE e TS PN TR

Pl M UE Gy 6N T and

e M i Nt NG ST N 2 mIFTOINS G NSEL AN I W ASEE JiN I o N= L NELSS
i s T sd i LA PLETE MEMEFI DETASS
Th MU EEh. ety aHAD0F &Y, GrNEDF - SR, FHSTIFFNESS, 3¥. MESETT 1IN,

N T TN

® onoo

2 3X4THSECTIONS

k] TH  NO. 4&X4bn ] yaXasn 3 43X9H  TYPE o3, TR
“ EL TS RN ¥

5 (D5:6Xe i3 eSKaiddNalbseXpldsnX Th)}

RETURN

END

PAGE &

SUBROUT INE LINGEN { X, Y. NDI.NDJ, NN N2 PRCP)
LINEAR GENERATICN OF NODE COCRDINAYES
DIMEMSICN Xilt.Y{1l}

KI=xENDL)
YInY{NDT}
IF (X1.EQ.999999.99F PRINT 10+ WNBI
IF [X{NDJ1.EQ.999999.99) PRINT 0, NDJ
L0 FORMATISH NDDE. I4.l&H NOV YET DEFINED)
OXeX (NDJ) -XT
D¥=YINDJYI-YI
IF {PROF.LT.L.F GO YO 20
PROP=PROP/SQRT{DX*®2 +DY* 22}
20 IF (PROP.EQ.D.) PROPrL./FLOATINN+L)
DE=0R*ePAOSE
DY=DY*PROP

DD 3D W=l WN
NDI «KDE+ND
XI=XI+0X
YI=YI+DY
X{NDY i XI

30 YINDT}eY]

RETURN
END
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SUBROUTINE BANDC

LOMMOK FCONTRZ TRUST ICLDSESNCYE 5 INEL o JNEL W NLC o XFACNELS NEQRJITS,
t KESTSDMAR, NTERM ,FAX HLCS ) #BAND

COMMON /TQNS7 PPLISO) RALIS01,NALIS0Y,REL150)

COMMON /STIFF/ EKL343 ) EXAL356)FRI B 33 ,FRA(I 6 AKATO B3,

i f {6} Al13,60,AB(3,8)

COMMON FMEMSERS [HI{i00), IHM 100 NDDI{ E00) SNOB L DO} REFTP{100}.
NSECTLIOOD) NSECIIIO0ND,

STITCI00,3) «VPTOTLIOD. 31y ¥PTRLIO0. 31, VPTNELOO0.3),
$1100421,WPILLOC, 1

W o

COMPUTATION NF £ruds BAND WIDTH

DO 1D 4=2.KEQ

waidrzy
NATLE=]
0o NE= L MELS

LaE U
NprhIDOCKE )

LH{AYe Behg

LMt Si=L®ia)~]
LH{a)=LM(S)-1
LMfay=28NT
RIS e
E¥{pteisdg)-1

DT 20 L=l.&

SRANED

Ja=L ety

D 20 w=i.8

TI-Lming
HMMINDERK 17 )

TF IKELAT . NALJIYS GO TO 30
NAL LY =<K

CONT INUE

CONT INUE

ReSHk=]

ar REEEY 138
MELGMen S J-NAT $1+]
NA G4 "HNEUM

RETURM
END

PAGE 10

SUBROUT INE L&D

COMMON FCONTR/ TRABST W ICLOSEWNCYD s INEL ¢ JNCL Ny XFAC XELS +NEQNITS,
i NS FTS . DHAX,NTER® FAX L AL CS+ MBAND

COoRMnE FIOINTE XES03 .YI50)4RATOTISN.3)

TOMMOR FSECTARS YMPIZDI YMN{ 20 +ROVLF(Z0 (ROTINL 200

LOmEry JEQNSS PPELBOIWRRIISOYWNALESOR.RI1S50]

CrMMON FSTFTARY AA{LISHECIS),XTOLS,SKITC153.5KJU1150,8KkT14015),

L NEIFSUTE15) e NSFSCIELSE

COMKFIN JSUPRST/ SPACIOY SPRILDI SPRETIOF.COSSEIONSINSEYGH,

i NSPS1I0), SPERACLIOI,SPFRBLLIG L SPFRRELY)Y

COMSON ASTIFFS BK{3430,ERAT3,61 2 FRIB AN FRAIB 0T AKALON ),

H LMIE} AR, bFABE3.4F

COMMN /MEMBRERS [HYITIO0), $HIJT1200) (NODILLODY (NDDIE LOD I NSFTP{LOD)
1 RSECTCLIOD  NSECJILI0O),

z STGRLLG0,34 . ¥PTOTLI00, 3, VPTP{1G0. 31, ¥PTNILDO,2),
3 S{IRT3T.¥PT100,3)

LORMGN (TITLES wWEDILZ)

ENTYTIAL1ZE ARRAYS

B 18 D=1 RES
PEITY=D.
LESS B
REAL CONTRUL TnFORMATION
READ [0, NUM L NUMDLLIGDE ,FAX.DHAXHED
PEINT 20, MUL  HEL W NUMLS, MIHDG, LCODE , FAX .OMEX
FOPMAYL 1S, 2F 0. 0-11lhd4enlt
FORMAT (IOxE LA CASE. 13,3y s L11IAG ALS/Y
354 NT. 0F NOCAL LOAD GENERATIONS ALY
36H ND. OF SUFPORT DESAL GEMERATIONS =l&//f

Gt —

35K LOAL AFFLTCATIGN LCOE =Jels
« ISH MAKIMUM L 0AT FALTOR =FL0.3/4
L3 F6H L ISITING DISFLACEMENT =F10.2}

INTTEEL 12 TF NFw LOAD SEQUENCE

TP i CLEQuL L0 T 4l
IF (LIGLLLE2.0Y G0 TR 494
DO B0 NE=14%Nzt
IHT(NE D=0
THIERE R =D
TRUSY=C

00 RO M= oNSITS
SPFRAIMY =0,
SPERERIMI= 3,
SPERG M)
ot R SV P03
ar ro f
ERTOTING
DT AQ MI:=i.NELS

-

PaRITS

noon

[sRelal

Ealalal

[aladal

[aRa¥ad

PAGE T}

O 80 lvi.3

VPTUTINE. LT =D,
STOTINERTH=00
VPTPINE, [2=0.

B0 VPTNIME,[}=0.

o

READ AND PRINT {0&) GERERATION COMMANDS

90 IF (NUMLGL.EQ.D] GO TG 204
PRINT 100
100 FORMATI /77224 NODAL LOAD GENERATIONS/
1 &K FIRST, TH HX-LOAD, TX6HY~LOAD + TR, AHMOMENT,
2 SR 4HLAST 5X . 4HNODE S
3 6H NODE 39X 55X, 4HNDDE . SXy 4HDIFF 5
00 160 NLel,NUNLG
READ 1104 NFEPXyPY . PRJNLS,INCR
PRINT 1204 NFJ,.FX.PY.PR.NLI.TNCR
110 FORMAT{15,3F10.0,Z[5}
120 FORMAT(I5,1X,3F13.3,218}
1F tNLJLEQ.0) Gf Yo 130
NLI=INLOwNFJ) FENCRS
GG 7O 140
130 Kid=}
E40 DG 150 N=1.NLJ
NR=3¥NF J-2
PPUNE]} =P ENR] +PX
PPUNR+LI=PRENRE]LI#PY
PPINR4Z3oPPINRIZLI4PR
LS50 MFJsNFJ+INCR
160 CONTINUE

PRAINT MATRIK OF APPLIED LDADS

PRINT 180

DC 170 I=l.RITS

NRe3®[-2
110 PRINY 190, (+PPINRIWPPINR+ I}, PPINRED)
180 FORMAT{////124 KOCDAL LOADS//

I M NDDE, TX, SHX-LOAD + TX +&HY~LOAD, 7X ¢ SHMORENT /)
199 FORMAT{I&4,EXs3F13.3)

REAC AND PRINT DISPLACEWMENT GENERATIDN

200 ITF (NUMDSG.EQ.0F GO TG 320
PRINY 210
210 FORMAYL///7/32H SUPPORY DISPLACEMENT GENERATION//
1 SH FIRSTy6X s THA-DISPL 46X THY=DISPL + 5K, SHROTATION,
z SX 4HLAST o SX o 4HNODE £
3 BH  NIDE, 39X« S5X: 4HNADE ¢ 5X, 4HDIFF /)
D0 ZTL KD=1,NUMDG
REAT 220. NFJ PR PY.PR,NLILTNCR
PRINT 230, NFEPXyPY,PRyNLJIyINCR
220 FORMATIIS ,3F10. 0,215t
230 FORMATIIS X, 3F13. 4,218}

PAGE 12

1f INLJ.EQ.D) GO TO 240
NLJ=[NLJ~NF §) 7 THCR+ L
&0 O 250

240 MLJAx]

250 DO Z60 N=l.NpLJ
NR=3I®RF =2
RINRI=R{NRI+PX
RINRELI=RINRY L] 4PY
RINR+2Y=RINReZ PR

260 NFJ=NFJ+INCR

27D CONTINUE

PRINT APPLIED OISPLACEMENTS

PRINT 2B0
280 FORMATI//77722H SUPPORT DISFLALEMENTS//
1 SH NOOE, 8%, THX-DISPL .0 X, THY-DISPL, SX. BHROTATION/ 3
DG 290 1=1,NS4TS
NE=NSPI (1)
NR=3=NT~2
290 PRINT 300. NS REINR}.RINR«LE, RINReDZ)
300 FORMATIIL . LX.3F13.4)

STORE SPRING PRELOADS, S5ET UP NODAL LOADS

DO IO Sl NSITS
MI=NSPIL LY
NR=3&N5-2
ECaCOSSi )
SS=SINS{ 2
SFA={R{NRI¥CC+RINR+ [ IRSSr25PAL 3}
SER={-R{NAI*SS+RINRS]I®CCIFSPELI}
SFR=R{NR+Z}SSPRL I}
SEX=SFA*((-5FB#5S
SFY=SFASSS+3T g3l
PP{KRI=PPING I +5F Y
PP{NR«T }=PF{NR+L1+5FY
PPENP 2 | =PPENR 2 F+5FR
RINRI=SFE
R{WNR+IF=SFF
RINR+23=5FR

IT0 CONTINUE

320 IF (IBUST.EY.1] PRINT 33D

330 FORMAT{///7/uSH STRUCTURE COLLARSED.
IF EIRUSTLEQD.2) PRINT 3al

340 FORMATO//77¢ /09K CYCLE LIMIT EXCEEDED. THLS LOAD TASE iGNOREGH

THIS LORD r2SE

RETURN
(3
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SUBSCOUYINE S$TIF 15x)

FORMON SCONTRY TRUST,.TCLOSENCYCy SNEL o JNEL o NLL XFAC, NELS S NEDQKJITS,
1} NSSTS OMAXSNTER M, FAX 4 HLE S o BAND

CONMON G JDINTZ XE5D).YI50),]RTOTE50,3)

FOMAOK FSECTASS YMPLZO) . YRNIZ0M,ACTCPLZ0HROTONT 20}

CONMQR FEORS/ P ELS0YLRFILS0T.NALLS03.RELEDY

CLYMKON FSTETAR, BAT1S 1 EC15) e X015 SKETELIS, SKIJTESFoSHTITI%),

i WSFSCI(151.N8FSCHI15)

LEONMCH JSURIY/ SPAEIO)SPBEIO.SPRILDI.COSS4I0+SERSL10),

H NSPI{EDISPFRALL O SPFRE(IC,SPFRR{1CE

COMMON raIT2F S ERCI 5] FRAT 3,6, FREILIVLFRACI 6 AKALE 6],

§ (MIGH AT3.6) ABE3, 6

COMMON FMEMBE R/ [HILIO0), IHICI00}NCOICID0H,NODJL L1001, NSFTPEL00),
+ RSEL JUL00TNSECHL 1004,

4 AYOT 10043 haYPTOY {20050, VPTPEEOO, 3}, VETNC 100, 21,
1 SE1D0.3.¥PULI00,3}

QEHEMT L™ ShE L]

EMITEALT'S STRYCTURE STIFFNESS =aTRIX

FEELT AL 2]
[ALER WE LR PR )
SEIiY0.0

SET Ut ELEMENT <TIFFNESSES
Do -1 NT D eNELS
£ oupTE '9aMs 1o ST up 3e3 ELEMENT STIFFMESS NATRIX

T =NSE T ENED

NI SNDOLINE
NA=RCOJINE?
Cx-xiNJ)-s{NE)

DY ¥ENLI-YINT )

FLo STRTEOT=sZ+0rss2}
LS L RFELL

S ENR-DY/FLL

LoyRm g FwERT STFRFNESS MATRIX I8 L{OCAEL COORDI

am:F L IymaieidAELL
Fasleir Friteast?I/7ELL
Selpacio .

Ex{f, % i

{
Fewd ot wMwse ]}
cumr [ERL LR LRI B
Tambhy ¥ NMESK FFET
'
t
[
i

£0 0t it 1d¥ | LE-B
be 22

.33
< 1 YMEL, ki E-8
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L S R kA ]
rmbag ) FRLZL

oA

F RESEY BN I
Feiaeft bt s
cwd)ab) FRED. A}

Liopv BLEMENT SYIFFNESS MATRIN IN GLOBAL COORDINATES

LAy, FORMA 16, THIIKE) IHJINE) LLOSASINAVELLT
TRLL £ ORME CAR, 0, 0.COSALSINASERL)

IR I A

At wly driar

FrEd U,

[N Y]
neoegow L.
SHAE FRKAelwl ([ KIPABLKL S
Fupp txhAe" el i.IFATK, S}
CwxdfJr EXAR

cmet Tadr sk kA

AT SMALr ELASTIC STIFENESS TO ELEMENT STIFFNESS

Foove Tt

[ THNY v A A

EXAA G

AT &0 -+ bl d
ExaA-ErAAehiw , [ IREHATN, JI+ABL K, THWFK
A%t . 3 :FRAA

()

&3 FLEMENT STTTENESS TD STRUCTURE STIFFRESS =ATARIX

LMEE- AN
LHES L MIn-
GMpay MRy,
IRy A
AR S E ]
LIRS L PR

1+ fLg.” bl o0 oyo 1z
33 MAESI-TAA-1LG

Mmoo JaF-SkE G R RAK AT T UG
L Ot RGE

LN INUE
Ay 3OEOTRT STIFFNESSES

D M EeNsATS
N NSP UM m

€5 88N m

1

PAGE 1§

S5=5INSUN)
NR=IaNS -
EELLTES LY
SKIJIF=Sx S sSPAINIwICEs+2 1o SPOINI*I5an2}
JI=NA{NR Y
SKUJSToSRIJIN+SPAINIFISSa0 2} 4SPB(NIwECSueD )
Jaudd-1
SKUJSIaSKLJIeCSwSSe{SPAENI~SPRINE)
JI=HA{HRG 23
SKEJIIwSHO L)) eSPRING

90 CONTINUE

RETUAN
END

PAGE 16

SUBROUT INE FORLE

COMMON JUONTR Y IBUSTECLOSE NCYC, INEL y JNEL JNLE  XFAL. MELS, VEQWNgTS,
i NSITSsDMAX NYERM, FAX NLLC S . MBZND

COMMON ZJOINT/ X{S0) +¥IE0I LRRTDOTE(E0,3)

COMMON FSECTAR/ YMPI20L,YMN(201ROTCPIZDI,EOTENRIZOH

COMMON FEQNS/ PPLXS01.RRE1SQ),RALL50),RI150}

CONNON FSTRTABYS AALISIECLS)  XICI5F SKERELS),5KII015), 5000115,

1 WSFSLI{16) NSFSCELLS)

COMNON /SUPEYS SPATLLOL.SPBLLOF.SPR{1OI,COSS0L10),SIN8410.

1 NSPI(LO )« SPFRATLDY (SOFRAT LG, SFFRFLLE)

LOMMON FSTEFF/ EXT3,3)1,ERAL3,0),FKI3,3 1, FRAI3+ 61 4R, -1,

1 LMESI LA 3ab} 4ABL3,. 6}

COMMON JHMEMBERS YMICLO0}, EHE 1001 RODIC100),NODIC L 001 NS FOE 131 .
3 KSEC 141001 NSECJ{100)

2 STOT{10043+¥VPTITILO0, 35, ¥PTPIL1D0. 1. yP T
3 SIEQ0.34,¥P{100,3)

100 40,

DIMENSEON VI3 ,VEL3}

PRINT LDy NLL JHOYD

10 FORMATC// 774/ FFFE28 208 FESULTS - LOAD CASECI-o/hy CYLLE Il

s nan

[aRaNal

20

3c

®EMBER ODEFORMATION INCREMENTE EN LOTAL COORDINATES
B0 80 NE=1,NELS
COMPUTE 324 DISPLACEMENT TRANSFORWATION MATRIA

NeNSFTPENE}

Ni=NCGETENE Y

NIsNODIINE}

OXw XENF)-XINE)

CY=YI{NII-TIN])

ELL=SCRTY(DXvepepyne2y

CoSa=DXFELL

SINA=DY/ELL

CALL FORMA EA,IMIENED, THIONE} LOUSA. STNKLELLY
CALY FORMA (2840,0.,C05A.SENALELLY

COWPUTE PLASTIC DEFDRMATIONS

BC 20 I=1.3

¥11)=0.

VEL{E3=D.

DN E0 I=le3

KRE=F*NT~3

o0 30 J=1.3

NA=NR+
VELII=YECZi«dRT,,JEaFRINE}
VETIxw{lj+hil,d)e0RTNE)
KEr1wy j-3

D% 40 J=6.b

HRENR



[aNaka

[SXa¥el
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ey
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ag

Lidl

100
1i0

i3n

[els]

131

RO

730
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YEL{L)=VE(T)*¥AB{ T, J}*RRINRY
Vil =w{])eAlT,J)I%RRINR)
VEARE, T h=vEL [y

COMPUTE ELFMENT FORCES iN LOCAL CODRDINATES

Xe-ECN)®XT{N) JELL

SIRE, LE=E(NIRARINT® V{1 FELL
S{NFL.ZE=XMA{SKIT(N}*V{Z 1 +SKIJINI*VII}}
SINE, 3y e xM3{SXTJINIAV{ZI+5KJJINIAV{D}}

CHECK PLASTI( WORK FOR {LOSED HINGES

[F {STOTENEZI*VP(NE,20.56E.0.F GO T 7O

ELosE=]

IHI{NE =D

BRINT &0, KE NODIINESR

EORPATL A/ 2in AINGE CLOSES, MEMBER,14.60. MOCE.I4
P TNTInF, 332VPINE.3V.GE.G.)} GO TO 8D

L Ceiay

THIHE =0

PRINT &0, NESNODI{NE}

CORTINUE

REPEAT IF WINGES {LOSED

IF LICLOSE.EQ.16 RETURN

DETERMINE MINIMUM LOAD FACTOR JNCREMENRT FOR NEXT HINGE

REYIOI=1.E10
BATIGY=1.E10
INEL=0

JNEL =0

DO 150G NE=1,NELS

IF CIHINE}.GTLOF GO TO 320
N5=&S5ECIINE]D

DELS=S{NE.2%

TF IDELS) L30.120490
RAT={YMP NS I-STOY{NE,Z) }/DELS
6r 0 Ll¢
BAT=[~YMNINSY-3TOTONE, 2 /DELS
If {RAT.CTLRATIOI} GO Y0 120
GAT N T=RAT

IAEL =KE

IF {1HJIREY.GT.OF GO TO 160
NE-RSEC JENED

NELS=31NE, 35

if {DELSY 140,160,130
RAT={y@P{NSI-STPTINE,3) ) /DELS
B0 TH 150

RAY= (-YMNENSI-STOTENE . 3H/DELY

PAGE 18

TF IRAT.GTLRATICAY) GO TD j60
RATIDY=RAT

SNEL =KE

CONTINUE

MIFFR=RATICI-RATION

1F EARStOIFFRF,GT.1.0E-83 GO YO LT
RATIC=RATING

I 150

1F tDFFFRLLY.LOLF GO TQ 80
RATIC=RATIAS

IHEL =0

GL T 150

FAT;M=RATINT

SNEL =D

CHECK LOAD FALTOR FOR LIMITING DISPLACEMENT

35O O%AX.EC.0.) S0 TO 240
LIMIT=g

0" 230 NJI=L14KRJATS

LEEE LSS

LI 30 =73

NE =R ]

DRLF=RR {KF)

IR tRELRY 210,220.700

RAT - {OMAX-RATDTIXJ, 131 FDELR
B8 tAAT . {T.5.) RAT=Q,

T g@at. ot owsYinl &0 7O 230
CER e S il o)

RAT+ { ~DMAX=-RaTOTING (1 I/OFLR
TP OTRAT LT.0.) RAT=0O.

P+ PRAT.ATWRATIT Y 63 YO 230
RAT! %=RAT

iR TaNG

[RUST= -1

£NRT INGE

CHECK FOOF mAxIreuv LJAD FACTNR

XAF &7 = WAL

XFAL = XFAL+RAT]

1F 4XSACLLT FAXY 40 TO 290
RATIC=+ AR~ XAFAL

KEAC=®AX

1RUSY=-2

SPDATFE OISYLACEENTS, CHECX COLLAPSE

DO Fel NJIfUNGTS

WRz3®n -3

DO 2AL Islaed

MR=hR+ 1

RRTCTANT D H-RATITINY L EF+RATG#*RRINDY

IF LARSIRATOT(NS.IIF.LTLL.Ee) 60 TO 263

[aNalyl LA s RNy

a0

[alalkel

noo

(31X eX 2l

260

27

o

806

290
300

310

330
3490

350

380

arp

380
39

A0

PAGE 19

IBLSTst
G0 TO 370
CONT INUE
UPDATE MEMBER QUARTITIES
DO 3LD NE=LMELS
oo 270 1=1,3
STOTENE+EJ=STOYINE, I FeRATIONS ENE, I}
YPINEs II*VPINE I }9RATIC
VPTOTIME I bavPTOTINE . TT4VPINE, T}
ACCUMULATE ®Ax Jri ROTATIOMS
be 280 I=2,3
FF {VPTOTINE. [).GCT.VPTPINE, I} WPTPINE, 11=vPTOT{NE, [}
IF {VPTOTINE.LF.LT.VPINENE, T} VPTH{NE JEY=NPTOT{NE, T}
CONTIRUE
SET NEW MINGE CODES
IF fIBUST.LNE.D} GO TG 310
fF (NE.NE.INEL} S50 TD 300
IHIINE el
PRINT Z90, KE,NODIINE}
FORMAT (7 /20 HINGE FOR®S, MEMBER, [4.6H. NODE,I4)
IF ENELNELSNELD GO TO 310
THS{NEN=]
FAINY 29G. ME MUODJ{KE}
CONTINUE
1 IMITENG DISPLACEMENT DR MAXINUM LOAD FALTOR
IF {IBUST.EQ.O) GO YO 350
IF {1BUST.EQ.-2] GO TD 330
PRINT 320, LIMJT
FORMATE7#38H LIMITING DISPLACEMENT REACHED AT NODE. 14}
& YO 310
PRINT 340
FORMATL /7280 MAXIMUM LOAD FACTOR REACHEDE
UPDAYE SUPPORT REACTEIONS
DC 360 %=1,NSJTS
NAa3IENEPp{ M) Z
CO=LO55 (M)
S5=SINS LN}
DSA=RR{NRISCO+RR{INR VL §055
DEB=—RRINRISSS+RRINRSL 1HLC
SPFRAGM)I=SPFRAIMI=-RATIONLSPA{ ™) SDSA~RINR))
SPFRBIMISPFRB(MI-RATIO*{SPR(MINOSB-RINRGE]?
SPFRR(MF=SPFRRLMI-RATION(SPRIMI®ARINR+Z}~RINR22}}
RETURN
PAGE 20
PRINT NORMALYZIED COWLAPSE MODE
REAX=0,
£0 380 Nix1,NITS
NRr2*NI~3
00 380 I=t.2
WR=NR 4|
RM=ABS[RR{NAL)
TF [RM.GT.RMAX] RMEAX=RM
CONTENUE
D0 IS0 N=1,.NEQ
AR{NI=RRINTZAMAX
PRINT 400, INSRRIIEN—2F\RRAIFN-1I4RREIENFNcL, NITS S
FORMATU// /7204 STRUCTURE COLLAPSES///
1 25% KORMALIZED COLLAPSE MODESS
2 S5H NDDE, TXe THX-DISPL 4 TXy THY-DISPL, X \8RROTAT I CNs
3 U14s1Xs3F 0,0} }
RETURN
END



LaXaR

FAGE 2% PAGE 23

SUBROUT ENE FORMA (A THE, THILCOSALSINALELL S SUBRDUTINE OuTRT
<
DIMENSEON AE3, ) COMMON /CONTA/ IBUST.ICLOSE NCYL, INEL 3 INEL +NLC . XFAD s NEL S JNED W NIT S
1 KS2TC ,DMAXNTESH, FAX NLLS  MBANG
FORM TRANSEORMATION MATRIX-—- ND wINGE AT [ AND J END LOMMON FIDINT/ XU(50) Y4501 ,RRTOTLS0,3}
COMMON FSECTASY YMP120} ¥YMN(Z0}RGTCP{20},ROTCNE 20,
AlL,1)=-C0SK COMMON /EQNS/ PPLISO)} (RR{LSDY NALL501,RE150)
Af L, Z1=-SINA COMMON /STETARS ARIISH+ELI5)4XT0E5),SKETELS) SIS0, sK103%),
AfE.3)=0. 3 NSFECI{355 ,NSFSTCJLIR)
AL, 41=CUSA LOMMON FSUPJT/ SPALLOJ.SPELLG}.SPRELIDI.COSSLL0),SINSELIO),
AEL. % IoSINA 1 NSPIILO4.SPFRALED) ,SPFRALIDT,SFERRL1CS
All.*t=C. COMMON FSTETES EK{3,3) . ERALS 67 FRE331 . FRATI 6} ARALL.8 .
A{2e i b=SINASELL 1 . LB AL eB)  ART 3,61
Af2v2i~COTASELL COMRON /MEMBER/ IHI{100},IMILL00) +NODTALOD) NCDSL 100, NSFTPEIO0),
AP 2. 88%1, i NSECI{ 1005 ,NSECJE 1001,
842, 432-SINAJELL 2 STOTELOCS 31, VPTOT{I00, 35, ¥PTRIL00, 33, ¥ATR{100, 1),
402,57 =0BSASELL 3 S4100+21,vP{100,3}
M2oet=o, c .
A3 1b=5INS/ELL DIMENSION YND(4}
A43, 2 =-LNSA/ELL DATA YES,XNG /3Hnez,Ig  /
A0, 3050, €
413,405 -STRAFELY <
AL 3 EEaCOSALELL PRINT 10+ XFAL
LY5 P ERN 30 FORMAT{//304 LOAD FACTOR AT END OF CYLLE =F10.3)
PFE (IHTLEC.O.AND.IHILEQ.O) 58 TO 40 4
I£ LIRELOT.O.AND L IHJLET.O0 60 TO 20 c PRINYT NODE DISPLACEMENTS
IF fIHJ.GT.3Y 62 YO 10 [
PRINT 20, (NJARRTOTINJ 13, E=t,3) JNIv1.NITS)
FORM TRANSFORMATTON MATRIX-——HINGE AT 1 END OMLY 20 FORMATES////35M NODE DISPLACEMENTS AT END DF CYCULE//
5 5H NODE, TX, THX-DESPL o« TXy THY-DISPL (6 X 6RRETATION/ /
BL2.Tp=~SINA/{2.0ELL) F3 FI4aiX 3Fi4.30)
Al 2 21=005A7£2.%ELL) [4
AL2.%=0. c PRINT ®EMBER FORCES
A2 &b STINA/I2.%ELL S c
ATZ.%1=w(OSA/{2.%ELL) PRINT 30y INEMDDICNE } NDDJCNEF CSTOTINE ST oInb, 38, IxT(REY, LHILNE)
A2 el=-.5 1eME= L, NELS)
G Y& 40 30 FORMATL/S//747H MEMBER ACTEOKRS AND HINGE CODES AT END 3F CYOLE/?
1 TH MEMBER, 3X 4 AHNCDE y 3X 24 HNODE ¢ BN 5HAXEAL » TX & HMOWENT,
FORM TRANSFOAMATION MATREX——-HINGE AT J END OWLY 2 TX o SHMOMENT  TX, 11HHENGE CODES/
3 T NO. W3X,4H I o3NuH  J SBXSHFORCE.TX.6F  ©
10 B{30bE-SINASCZ, o801 S TXP6H 0 47X, LM E 4
AL, 29-COSRAL2,ELLD H C15.38,E7,EX,3FL3,3,110,0632
XS TERN [4
RO 43=STNAZTZ #ELL) 4 PLASTIL DEFORMAT LONS
A13,5): ~COSAZL2.*ELL Y 4
Al3,61:0, PRINT 40
50 T™ &0 40 FORMATEAS/ /7 /34K PLASTIC HINGE ROTATION INCREMENTS
t 2814 AND MAXIMUM AINGE ROTATIONS//
FORN TRANSFORMAT[ON MATRIX—--HINGE AT I ANO J ENDS H TH MEMBER 3, 4HNODE « 3X, 4HNGDE, BX 19HROTATION ENCREMENTS,
3 I0X, 22HMAX POSITIVE RGTATIONS 10X,
20 50 30 T:i.4 % 22ZHMAX NEGATIVE ROTATIONS/
80 30 Je=i.& 5 TH O NO. o3XekH 1 3%48H 3 JBXSHEND E,9%,SHEND J,
30 {1,430, 6 16X, SHEND 1, L2X,SHEND J4 10X, SHEND I, L2%, SHEND 4/}
AL, 1 b=-CNSA DO 70 RE=},NELS
PAGE 22 PAGE 24
All.28c-SINA [
Allea)=COSA o€ 50 I=1,4%
B, 5hsSINA 50 YNO(Ib=XNO
INwNSECTUNE}
0 RETURN JFNNSECI(NE Y
EKC IF CWPTPINE,23.56T.ROTCP{INIT YRO{1I=YES
EF (YDTP(NE(I).GT.ROTCPEINTS YNGEZI=YES
EF AVPTN{NE,21.LT.ROTCNGIND ) YNGL 3i=YES
IF (VPTHINE,3}.LT.ROTCNIING ] YNO(45=YES
c
PRINT 60, NE,NOCGIINE ) NODJUNE b VPINE, 2, VPINE. 2D VPTRINF W21, YROLS 7
FeVPTPINE 3}, YNGEZh o VPYNINE (21 YNOL 21 WPTNERE v 3)  YNC I
60 FORMATEIS , 18, TTyLXe2F1345, 3% 4 lFE3.5,A3F}
TH CONTINUE
C
[4 SUPPORT REACT IONS
[+
PRENT B8O
B0 FORMATI////¢34H SUPPORT REACTIONS AY END OF CYLLE//
i 5H NODE.&X, THA-FORUE & X, 7HB-FORLCE . 7K, GHMONMENY
2 12X+ THX~FORCE 46Xy THY~FORCE/)
4
0D 90 Nxl,NSITS
HI=NSPIIN)
£C=COLSINI
S5=8 INS (N
FEX=SPFRA{NI®CL-SPFRAINITSS
FRY=4PFRAINISSS+SPFREINIRCC
90 PRINT 100, NJ.SPFRAECNLSPERBING 4SPFRRIN),FER,FFEY
L1B0 FORBAY{i4¢1Xs3812.3,6X.2F13,3)
[

RETYAN
END
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PAGE 25

SUBRGUTINE DPTSOL 1A,B NANEQ,LIMS,LEMF . KKK}

DINFRSION ALLT,R(1 NAil)

NECOTNEG-

GO TQ 110,701, KKK
TRIANGULARTZE MATRIX A
aicd

Tie}

mASPER (1]

Do B J=7,NEQ
REJENALL
TFaJI-NAFLNASP
TFi=1Fe3

dKTNA G-t

TF CLEL.SY, 000 GO T3 %0
JTAE Benibap

MATELNE LIS

1F3+1

OC 0 1171, 1L
HAT=hALT:

ER=NA]-1
EIall-NAI+NSIF
KEMEXDLTT, TR
RLVENI SN

FRA=TR-*F .
sacaf]al

[ 20 kehFLRL
Ab=AA-ATJRATEALIRAD
JRAT KA ]

TRA=IKA YL
A(JEAl=A4
STa=alAed

T1=11+1

KL=KL+l

Male=NAL

ELTENIYSL

AA=8 (NASD

DE 50 xelv, It
NAL=NALKS
CCrAtIKAYSAINATY
AATAA~AL KAIECT
AtUxAP=CC

A= KA ]
AINESITAR
IL=fLel

Jisdlel
NAJFHAL

=0 T2 150
REDUCE VELTOR B AND BACK SUBSTITUYE
D0 KO M= IM5S4NTO

PAGE 26

Tc IRENYLNE.D.F BT TC 90
T NT INUE

YR

Nizhe i

| SR TR

®y=n

NATE =RATNY

AN 110 Freil.NED
RAL NET D
[T=11-NaleRALP
weaMAXDTIE oN)
Ex-tAT-]

TKh Eeenmd
ELERTRS!

Df 100 M=kE.*L
ARz aB-AtIKAI*BiX}
tKh - TRA®E

BET =BK

11 tiel

LUEN SN Y

whTCNAY

oF 10 I=RaNED
WAL sNALT}

At beROESJAENATY

J=NEQ

shedel

v snETO

N& t=NAFNEQ]

G0 jot IeLlMF G NESQ
NEGE=NATS-T?
Ti=Jdi-KAJeNASF
JK=NAL- T
heHEADELLLIMF
d¥ A K EF

LT ELY R

FEYUAN
£ND

LESTING OF INPUT DATA

DEMONSTR. EXAMPLE 1. GABLED FRAME.
7 9 T E) 2 2 18
1
3 00,
s 100.
8 &00. 140,
G 200.
il 109. 250,
15 3C00. 250,
1T 439, 200.
13 20C. 200C.
i 3 1 1
- & 3 1
9 v 1 4
L] i1 I3 1
1t 13 1 1
13 133 1 1
15 17 i i
1 1.0EL2 F.DE12 1.0E12
2 1.0812 1.0£12 1.DEL2
3 1.06:2 m.‘fu 1.DE12
1 0.3 513, 30000,
2 4I.2 20%52. 30000.
1 2400, 2400,
2 &800. 4800,
1 1 4
2 F4 &
3 3 B
- - 9
-1 & 13
& ] ir
7 L] in 14 3
5 L3 5 1] 1
1 1 E] 2
2 2
L) i 14 i
15 2 18 1
1 1 1 3 i
2 2 2
15 2 2 18 1
% i 1 14 1
& tod
4 20.
5 ~&0.
9 1z2.
10 % ~10.
1% &,
14  &a -10.
DEMDNSTRATION EXAMPLE 2. YWD STORY,
14 5 2 3 9 1%
1 240,
240
120,
120
1.0E12 1.0E12
1.0E12 1.0E:3
fa6la 3600.
9BBS. 0 3606
3456.0 1600,
820. 01
550, 01
1950. “C1
1650, 0%
1450, 01
2440, 01
Lately .01
14680, .01
S000. =01
1 1 Fd & 13
& T B in i
11 1 7 12 L}
13 713
14 12 1%
1 i k 1
& 2 w0 1
1 3 1a 1
i 1 2 5 &
z 2 9 E] L
4 2 1
& 3 4 10 5
T 5 b g 1
L 5 &
il T 7 i? 1
13 B 8 H 1
% [ i i c.
1 Q. “3.52 0.
2 O. —he2% O
7 0. -i3.36 G.
8 . -%,32 Q.
2 0 ] 1.9 0.
1 11.3
T 16+
2 n o i0C. 0.
& ~17. %
ie -i0.
2 [y kil 1.5 C.
1 1.3
T 10.
] i 1 1. Ca
it 0. -10.

PAGE 27

CARDS FOR SAMPLE PROBLEMS

SEE GRIERSCN. ASLE ST.DIV.JNL. 10/12,

[ L - H 1
& . . FIN
4 L2 N
PROPORTIONAL LOADING Y7 (FLLAPSE
a &
T 4
17 I3
12 H
1 1
ONE BAY REINFOFCED CONCAETE FuBef
5 3 3 5 15
PRGE 28
30.
4.0 L.0 £-0
&, 1 &,0 2.0
4.0 “ b 2.0
0%
.01
01
P38
«01
.01
0%
01
01
GRAVITY {DA2
L] %
13 H
12 =
it 1
A0 LATFRAL LOAD T R16eT
REVERSE LATERAL LOAT To 7 3lca®:’
ATEEMFY TO ATY LATERAL L7807 1T F7 -7
REINLITTALIE, DBISPLALE w7 % fiall}
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