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ABSTRACT

The moment - rotâtion behaviour of the beam-to-column connections in steel frames

affects frame displacements and intemal forces. Because connection behaviour is

nonlinear, it produces non-Iinea¡ behaviour of the structure. Given the difficulty of

modelling and accounting for the nonlinear connection behaviour, it is tempting to

continue to model it only crudely. Recentiy, however, there has been increased interest

in improved models which can be incorpolated il,lto structulal analysis computer

pro$ams. This thesis describes a procedure and computer program for analyzinþ

rectangular steel frames with nonlinear beam-to-column connections, carrying sequential,

non-proportional load systems. The frame is modelled as an assemblage of linear

column, beam and bracing elements with nonlinear connections. The analysis progrâm

uses repeated cycles of linear analysis and connection stiffness modification to compute

connection moments and rot¿tional deformations corresponding to points on thei¡

moment-rotation curves. A Richard-Abbott function is adapted to express five moment-

rotation function which simulate observed connection behavior under several cycles of

load reversal. The study includes an exami¡ation of how accu¡ately connection behavior

ought to be modeled, in order to determire whether the culTent models are adequate or

whether more realistic ones are warranted. Examples are presented to demonstrate the

sensitivity of the response of frames to variations in assumed beam-to-column

connection behaviour,
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NONIENCLATURE

A rnember cross-sectional area

a clistance of concenhated loacl f¡om A end of bearn AB

b length of beam AB

C connection tangent stiffness

(i etfectrve stlllness

DA clisplacement vector at A for bear¡ AB

Dro out-of-planedisplacementvector

Du¡ in-plane displacement vector at rnaster joint

E rnoclulus of elasticity

G shearing rnodulus

GA stiffness distribution facto¡ at A encl of colutnn

I, torsion constant

I, seconcl lnolnent of area about principal axis 2 of cross-section

K effective length of column

Ko^ stiffness matrix at A fol bearn AB

Kr) first order elastic stiffness matrix

K., georneÍic stiffness matrix

1nr torsional moment about X, axis

lnz bending mornent about X2 axis

M" connection reference moment

11



Mp plastic rnornent

My yielcl rnornent

n parârneter, which defines the sharpness of Richard-Abbott curve

p intensity of concentratecl loacl

pr force cornponent in X, direction

Poo fixecl end force vector at A end for bearn AB

p¡.2 force cornponent at A for bearn AB

pu,t fixed end force in X, direction at B end of bear¡ AB

Puo out-of-plane force vector

Pu, in-plane force vector at master joint v

SB connection stiffness at B end

S" slope of initial asymptote

Sn slope of second asyrnptote

w intensiry of uniforrnly clistributed load for bearn AB

õo, displacement in X, direction at A end of bear¡ AB

Q, connection rotation about Xr axis

A. reference rotation of connectioll
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CHAPTER

INTRODUCTION

1.1 Introduction

The behavioul of steel building frames rnay be affected substantially by the force-

defolrnation behaviour of the bealn-to-colunm corìnections. Connection defoluration

conüibutes to the lateral chift, thus intensifyi-ng the P-Á effect and contributir,g to

instability of the fiarne (Ang ancl Morris 1984; Bijlaalcl and Zoetmeijat' 1986; Lirtclsey

1987; Chen and Kishi 1989). Connection behavioul also affects the intelnal force

disnibution. Flye and Morris (1975) dernonstrated diffeleuces in the colurmr rnornents

ancf axial forces in an 11-stoley unblacecl frarle with clefolnable connectiorls and then

with rigid connections. Ang and Morlis (1984) analyzed a 2-storey btaced fi arne with

double web angle connections which would r.rolrnally be assutned to act as "pins". They

fouud theoretical colurnn bending stlesses that were largel than the axial-load stresses.

Ackroyd (1987) showed that urrcler glavity loacl the assurnption of "pinned" connections

rnay lead to over design of bearns and undel design of colulrr-rrs. Bijlaard et al. (1986;

1988) evaluated the effect of serni-rigid connectiorls on unblaced fraures and

cler.nonshated that connection flexibility tends to declease the elastic buckling loacl of



the fiame. Connectiorl behaviour also affects the end reshaittt proviclecl to colurnns

(Jor.res et al. 19811 Linclsey 1987; Lui et al. 1987). As a fiame is loaclecl, the corìrìection

stiffness, and thus the restlaint provided to the columns, gtadually decrease. Thus the

column effective lengths inclease. Several rnethods have been ploposecl to account for

the loss of r-estraint (Driscoll 1976; 1982).

Conuection clefolmation causes a frarne to tespond cliffelently to proportional loading

thau to rio¡1-pl oportional loading. Moncarz aucl Gelstle (1981) analyzed an 11-stotey

flexibly connected fiame unclel sit¡ilar propoltional ancl non-propottional loading

systelns ancl delnoustrated that sway uncler proportional loadirtg is larger than that under

non-plopor tional loading. However', the largel the final lateral loads, the smallel the

effect of the diffelent loacl histories. Deierlein (1991) analyzed a 2-stoley planal fiatne

undel both propoltional and non-propoltional loading . He found that upon subsequent

cycling of the wind loacf the sfluctule leached an elastic shake down state after the

second cycle. Subsequent elastic wind drifts wele 30 pelcent stnallel than iti the

p1'oportional loading case. He found also that fol design purposes, plopoltional loading

gives a conselvative plediction of both stiength and sewiceability.

Although thele is an incleasing tendency among resealchers and clesigners to recognize

the significant effects of beam-to-colun.ì11 colìnection behavioul on the behaviour of steel

frames, until leceutly that behaviour has not been tecogt-Lizecl explicitly iri design

specifications. For exarnple, the Canadian Standard CSA-S 16.1 M89 Litnit States



Design of Steel Stluctures (CSA, 1989) r'ecognizes two types of construction and

associated clesign assurlptíons for steel fratnes. Continuous constluctiolt rlay be

assurned when the bearn-to-colulnn connections ale perfectly ligicl. If they ale lelatively

flexible, sirnple cor.rstruction rnay be assumed, in which the bearn-to-colurur connections

are sousidered to have no lnoment resistance. These highly idealized tnodels ate very

simple and conveuient to use fol design and analysis purposes, but they uray lead to

significant iuaccuracies \¡,hen the bearn-to-colurnn conuectious are serni-rigicl.

Thele are several factors which cletel structural designels from employing rnole lealistic

bearn-to-colul.nn connection urodels in clesign ancl analysis. It is cormnon plactice when

accounting fol connection behaviour, to consicler only the lelationship betweeu the

flexural rnornent M and the conesponding rotational clefolrnation Q - usually lefelred to

sirnply as the M-Q behaviour. The M-Q behaviour of bearn-to-colur¡rl connections is

non-linear, often even at selvice loacls, thus causing the structuÍe to behave non-linear'ly

throughout part of its ioading range. Because the analysis of non-linear structures is

lelatively cornplex ancl curnbelsorne, realistic non-linear behaviour has not been an

attractive optioli to designels. Anothel cletelrent to the lecognition of realistic

connectior.r l¡eliavioul in design is the lack of knowledge about the sensitivity of steel

flarnes to connection behaviour'. When accounting fol non-lineal connection behaviour

clesignels lnust rrake interactive clecisions to rnodify either the structural elernents in the

frarne, the connections, ol l¡oth. In the absence of infon¡ation on how significantly

connectiou behavioul influences stJuctulal behavíour, the tendency has been to model



the connection stiffness either as "rigicl" ol "pinned".

Recently, however', thele has been glowing interest in lnole acculate modelling of

connection behaviour and its effects on stluctural l¡ehaviour. Several analytical models

of conliections and of their M-Q behaviour have been developed and ir.rcorpolated into

non-linear stluctural analysis cornputel' pl'ogralns. Unfortunately, vely little research has

been done on the sensitivity of steel frarnes to counection behaviour. Moreovel, rnost

of the plesently available non-linear analysis prograrns deal with proportional loacling

of the shucture and rnonotonic loading of the connections only. Structuies tiortnally

expelience sequential, rìou-ploportional loading systerns, and the diffel ences in lesponse

to sequential and non-proportional loading may be significant. To properly understand

the sensitivity of a stlucture to conuection behaviour, structural analysis under non-

plopoltional loading is needed.

1.2 Scope of Study

The plirnary objective of the current study was to develop a plocedure and a colnputel'

ploglaln to perfoun a nonlineal analysis of tluee-dimensiorlal, rectangular, flexibly-

conuectecl steel fi'al¡es uncler either propoltional ol non-proportional loading. The

plogralll incolporates functions fol approxirnating the M-O behaviour of the beam-to-

colur.nn connections. It employs an itelative procedure for accounting fol non-linear

conneclion behaviour.



A secondaly objective was to use the prograrn to perforrn sensitivity studies on typical

steel fiarnes to deternine the effects of connection behavioul on inter-.nal folce

clisnìbution, on frarne displacelnents, on eud restraint for colurì'rns and ou the

arnplification of P-Â effects. The stucly also includecl an examination of how connection

defol.nation affects structural response under ploportional and non-pl opor'úonal loading

systelîs. The objective of the sensitivity studies was to examine how accurately bearn-

to-colulìlì connection behaviour shoulcl be rnocleled, and thus to detelnine whethel the

culr-ent rnodels ale adequate ol whethel rnore precise tnoclelling is wartanted.

The study incluclecl the following four distinct phases :

a) The M-Q behavioul of typical bearn-to-colun-ur connections under cyclic loadirtg was

rurocleled using the Richard-Abbott (Richard-Abbott, 1965) function. The rnoclel

represents the connection behavioul under initial loacling, unloading ancl reloacling.

b) A bearn-to-colunxr connection classification systeln (EUROCODE3, 1989) was

exarniued, In that systern connections are classifiecl as "r'igid", "serni-rigid" or'

"norninally pinned", clepending upon theii' M-Q behavior', which is explessed in tenns

of the propelties of the coliuected rnernbels. The boundalies between connectiolì

classifications wele explessed in telrns of the Richalcl-Abbott function (Richard-Abbott,

196s).

c) A set of fornulae was delivecl for calculating effective length factors fol colun-urs

in flexibly connectecl flarnes. The folmulae lelate the effective length factor K to

mernber ancf couuection properties, the latter expressecl iu terlns ofthe Richald-Abbott



function (Richard-Abbott, 1965).

d) A structulal analysis miclo coÌnputel plograÍn capable of analyzing three-

dirnensional rectalìgulal frarnes with nor.rlinear bearr-to-colurmr connections was

developecì. The plogram is able to accomlnodate sequential, non-ploportional loacling

systelrs. lt also accounts fol the effects of the colu¡nn axial forces on theil benclillg

stiffness (the P-ô effects), ancl it uses either the apploxinrate method describecl in

CAN/CSA-S16.2 M89 (CSA, 1989) or the loacl contlol Newton-Raphson rnethod (Chen

and Lui, 1991) to account for the effects of axial colunl.r folces on fiarne displacements

ancl forces (the P-Â effects).

e) The analysis plograrn was used to conduct sensitivity studies to deterurine the effects

of counection deformations on fi arne displacernents, intelnal forces, end restlaint fot'

colurrns and different load histodes (proportional and non-ploportional loading systens).

1.3 Relationship to Plevious Studies

Research on serni-r'igid connection behavioul began as early as 1917 with the work of

Wilson ancl Moore (Wilson and Moore, 1917) at the University of Illinois. It has

evolved through three stages. The first of these was the lneasulernent of coÍrnection

behaviour. Mole than 1000 static load tests have been conducted on bearn-to-colulnn

corlnectiou speciurens (Nethercott, i985). An elecffouic database which inclucles most

of the available lnomelìt-rotatioli data for beam-to-colurnl connectiolrs has beeli



cleveloped at Puldue University (Kishi and Chen, 1986).

The seconcl stage of connection lesealch has involved the rnodelling of connection M-Q

behaviour. A single-stiffness lineal rnodel was proposed by Rathbun (1936), and

Monfolton and Wu (i963) and Lightfoot and LeMesuriel (1974), among others, used

lineal M-Q rnoclels. A bilineal r¡odel (Tarpy ancl Cardinal, 1981) plovided an iu.tploved

repr-esentation of connection behaviour'. Flye and Monis (1976) developed a polynornial

model to pledict the behaviour of several connection types. Jones et al. (1982) used the

cubic B-spline lnethod to curve-fit expelirnental M-Q data, A cubic B-spline curve was

usecl to fit every subset of clata with continuity of first and second order derivatives

enforced at theil intersections. Colson and Couvear (1983) introduced a power function

based on a three-pararnetel exponential rnoclel. Ang and Monis (1984) used a

stanclardizecl Rarnbelg-Osgoocl function to model bealn-to-colulnn conuection behaviour'.

The third stage of connection research has beeli the incorpolation of connection

behavioul into the analysis plocess for serni-rigidly conuected fiatnes. Batho alicl

Rowan (1930) innoduced a bearn line method for the analysis of fiarnes with semi-rigicl

col'[]ectious. Slope-cleflection and modifiecl lnolneut distlibution rnethods wete applied

to the problem by J.F Baker'(1931) and J.C.Rathbun (1935). Ackroyd (1916), Sirnitses

and Gii'i (1982), Ang and Mouis (1984), Gerstle (1985) and Cook (1983) cliscussed the

influence of counection flexibility on fiarne response, consicleting monotonic,

proportional loading only. Moncalz and Gelstle (1981), Poggi and Zandoniní (1985),



Nethercot (1985), Chen and Lui (1986), ancl Hsieh and Diellein (1990) consideled

plopoltional loacling of the sffuctule, while accounting fol unloading behavioul of the

bearn-to-colurnn connectioÐs. HoweveL, while structules are âllnost always subjected

to sequential, non-p|oportional loading systerns, little softwale is available fol the

analysis of non-linear', serni-r'igidly conlrected süuctules ulìder non-plopoltional ol cyclic

loading.

Accoldingly, the investigation clescribed herein was conducted with the objective of

developing and proglamming a procedure to account for the r.ronlinear' r.nomellt-r'otation

behaviour of bealn-to-column connections when analyzing rectangular steel flames under

sequential, non-ploportional loading systerns. The plograrn tr eats proportional loacling

as a special case.

1.4 Assumptions and Limitations

The assumptions ernployecl ancl the lirnitatiolis of the analysis ploglam developed in this

stucly are subdivided into three categolies.

Those relating to the incliviciual rnernbers :

a) Al1 meurbers are assuned to be prismatic ancl stlaight.

b) Possible bucklirig of inclividual l¡embels 01'portious of the structure is ignoled.

c) All colurnns are assumed to be either rigid or pinned fixecl at theil bases.



d) All mernbels ale assurned to be linearly elastic.

e) Floors ale assurned to act as rigid cliaphragrns fol lesistir.rg in-plane folces.

Ð ln general, srnall deflection theory is ernployed. Holever, when courputiug

colurnn stiffness rnatrices, the effect of axial column force on rnernbel bending

stifflÌess is accounted fol.

s) The effects of possible colurnn panel zone defolnation ale ignored.

Those lelatiug to the connection :

a) TLansveLse dir¡ensions of mernbers are assumed to be negligible. Thus all bearn-

to-coluuÌr corìnections are assur¡ecl to be locatecl at the intefsection of the bean]

and colurrur centle lines.

c)

Axial and direct shealing deforrnations in connections ale ignored and

connections ale assurnecl to have infinite torsional stiffness. Thus, only the

flexulal rnornent-l otation behaviour of the connection is modelecl as non-lineal.

Connection dirnelisions are assurned to be negligible. Thus the rotational

deforrnation of each counection is assurnecl to be conceÌì0ated at a poiut.

b)



Those lelating to the whole sh'ucture :

a) Only static loading, i-rr the folm of concennated loads and unifortnly distributecf

b)

c)

loads, can be accornlnodatecl.

Latelal loads can be applied at flool levels only. The latelal loacling at each

flool level must be tleated as a single tlìÌ ee-colnponent concentrated load vector.

The load conûol Newton-Raphson second otder analysis ploceclule fot

accouÍìting fol P-Á effects is valid for proportional loading only. Altelnatively,

the approximate iterative procedule of CSA S16.1 M89 (CS4,1989) may be

selected.

t0



CHAPTER 2

CONNECTION BEHAVIOUR

2.I Connection Force-Deformation Behaviour

A bearn-to-colulm connection in a steel builcling frame experiences six folce

components. As illusnated in the Fig 2.1,lhey are the beam axial force, p,, veltical and

horizontal shear force colnponents, p, and pr, torsional filoment, rn,, and bending

rrolrents m, ancl mr. The colresponding defolmation colnponents, also shown in the

figure, includiug three line deforrnatior.rs, ô,, ô, and ô,, ar.rd three rotational

deformations, $,, Q, ancl Qr.

Because the building floors act approxirnately as rigid in-plane diaphragn'rs to which the

bearns are boncled or welcled, the defonnations õ,, õ, and Q, are negligibly smal1, as are

force components pr, p3 and urr. Since the torsional stiffness of l-shaped sections is

normally srnall cornpared to that of their connections, the torsional moment, lnr, and

thus the torsional defol-nation, Q,, are small also, and can be ignored. Finally, it is

cormnonly assumecl that the shearing defolnation, ôr, iu the connections has negligible

effect on the behaviour of the frarne. Consequently, the shealing force and deformation

ale customarily ignoled also. Thus it is coffrmon practice when accounting for'

connection behaviour to consicler only the relationship between the flexural rÌoment, rn3,
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and the corresponding rotational deformation, Q, - usually refemecl to sirrply as the M-Q

relationship.

2.2 Experimental Measurement of Moment-Rotation Behaviour

2,2.1 Bare Steel Connections Under Monotonic Loading

When designing steel frarnes it is custornary to assume that bearn-to-column connections

are eithel pinlred ol ligid. However.., the notions of either pinned or rigid connections

ale simply exheme cases of true connection behaviour'. Expelirnental investigations

have shown that connections exhibit rroment-rotation chalacteristics which valy over

a wide specÍ urn between those extrelnes. Most connections normally regarcled as

pinnecl possess some rotational stiffness, while connections which are legarcled as rigicl

always display some degree of flexibility. Accordingly, it is logical to classify all bearn-

to-colunm connections as semi-rigid, while recognízing "sirnple" and "continuous"

connections as extrerne cases. Fig 2.2 illustlates tho momont-lotation behaviour of

several corrtrnonly used bearn-to-colurmr connection types. The single web angle

connection is a relatively flexible type, while the top and seat angle connection is a

lather dgid type.

The M - $ behaviour of any leal beaur-to-column connection is intelmediate between

the two exíemes, rigicl and pinnecl, ancl eveLy colrnection is capable of cfeveloping at
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least sorne moment resistance. Fol example, Lewitt et al. ( i 969) founcl that double web

angle connectiorrs, which are usually treated as pinned connections, developed as lnuch

as 20q/o of the beam fixed-end mornent at the specifiecl loacl level. Batho ancl Rowan

(1934) tested a variety of connection types and conclucled that savings in beam weights

of as rnuch as 20q/a could be achieved by taking accouut of the end restraint provided

by flexible connections.

The rnany bearn-to-column connection tests that have been conducted during the past

seventy five years have dernonstrated that for lnost connection types connection

lnoment-rotation behaviour is nonlinear, oven at lnoderate load levels. The non-linearity

of connection behaviour is due to a number of factors (Chen & Lui,l986; Barakat,1989).

Sorne of the important ones are the following.

1. In boltecl connections, particularly those in which the bolts ale merely snug

tightened, bolt slip lnay occul at lnodelate load levels.

2. Because of the geometries of connecting elements such as plates and angles,

local yielcling of flexural eleÍnents often occurs.

3. Large bearing stresses between bolts ancl connectecl elelnents often result in local

yielding.

4. Local buckling of beam and ol column elements in the vicinity of the connection

sornetines occut's.

5. Defolnation of connection elernents rnay significantly alter the initial geomeny

of the connection.
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Nethercot (1985) presentecl a suÍrrary of tests conducted on bare steel beam-to-column

steel connections undel monotonic loacling. His summary, which incorporates all

available data for tests conducted between 1934 and 1984, is described with reference

to Table 2.1. Sorne of Nethercot's findings for the various connection types are

surm¡arized below.

Single Web Angle

A1l known tests come fror¡ three series, conductecl by Lipson (1968, 1977, 1980).

Sarnple M-Q curves show that for a single line of beam web bolts both connection

stiffness and moment capacity increase as the nurnber of bolts incleases. With fewer

than 6 bolts the connection functions virtually as a pin support; increasirig the number

of bolts to 8 ol more ploduces initial stiffnesses which are largely indepenclent of the

exact number, with enatic valiations in rnornent capacity. Other findings wole that

performance is quite sensitive to the detaíls of the attachment of the angle to the

colulnn, (the welding anangelnent, ol the use of lound or slotted holes, if bolted) and

that the stiffness achievecl in the first loacl application coulcl not be matched in the

seconcl and subsequent cycles.

Web Side Plate

Early studies, performed as a backup to the Auslalian standardized connection initiative,
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provide an indication of rotation stiffness characteristics. Detailecl M-Q clata were never

published. However McColrnick (1984) suggested that the M-Q curves fol such

connections are approxirnately bilinear. Finite elernent and experimental wolk by

Richard (1980,1982,1983), aimed at the cleveloprnent of a rnethod for preclicting M-Q

behaviour, highlighted the irnportance of the fastening to the beam web. However', from

the available results it appears that finger tight bolts ploduco connections with virtually

rìo rotational stiffness or rnoment capacity, whilst fully torquing the bolts procluces

sufficient friction between the surfaces for there to be no difference ir, the performance

of connections with round or slotted holes. For one test arrangement with "1 x 7/8 in.

4325 bolts in the web of a W24 x 55 bearn, Richard ( 1980) quotes a connection

moment as high as 37 per cent of the elastic fixed e¡rcl value.

Double Web Angles

Sixty-eight sots of M-Q culvos have been iclentified. The typical M-Q culve shows the

three legions of initial comparatively stiff behaviour, softening due to angle defon¡ation

etc, arìd enhanced stiffness due to clilect bearing of the toe of the beam against the

colurm face. Of these, elirnination of connection slip, especially fol joints ernployiug

few web bolts, appeals to be particularly important. Moment capacities generally lie

between 5 and 15 percent of the beaur sh'ength,

15



Flange Angles

This counection type Irray be legarded as genuinely semi-rigid as it possesses a smooth,

nonlinear M-Q curve. Although the restraint provided can amount to 50 percent of the

mornont capacity of the beam, it should be noted that in two of the main test serios

(Hotz, 1983, Maxwell et a1., 1981) fully tolqued bolts were used to fasten each angle

to the bearn flanges. The possible recluction in performance that might result from

incleasing the distances between the lines of fastening if welding were usecl for either

compollent appeal not to have been studiecl, nor has the effect of using untorqued bolts

on the bearn flanges. Thus these lesults may only be representative of the stiffest

versions of this connection type.

Header Plate

This forrn is defined as an end plate of less than the full bearn depth welded to the beam

web, either centrally ol offset towald the top flange. Fastening to the column is by

bolting. Torqued bolts were used ín the two main sets of tests (Kennedy and Hafez,

1985, Somrrer, 1969) ancl no stiffening was employed. The available clata suggest that

the stiffness and rnornent capacity ale broadly cornparable to those of sirnilarly

ploportioned double web angle connections. Both quantities are chiefly dependent on

plate thickness, plate depth ancl the horizontal clistance between lines of bolts. The test

by Kennedy and Hafez (1985), and those by Soruner (1965) ploducecl sirnilar M-Q
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chal actelistics.

Flush End Plate

The typical M-Q culve is initially almost linear, contains a round "knee" at a moment

of about 60 pelcent of its capacity ancl then becomes virtually linear again at a slope of

approximately 1/40th of its initial value. The extent of the knee seems to be clepender.rt

upon joint details such as the end plate thickness, the colurui stiffening etc. Connection

rnornent capacity is influenced chiefly by end plate thick¡ess and column web stiffening.

Extending the end plate slightly below the bearn flange or using short backing plates

behind the colurnn flange ale possible alternatives to the use of conventional web

stiffeners. In certain cases moment as lalge as M, or even Mn rray be attained, where

M, and M', leprosont the bearn yield rnornent ancl plastic molnent, lespectively.

Extended End Plates

This connectíon type has received the widest study; 106 separate M-Q curves frorn 17

clifferent investigations ale available. These cover extensions on ono or both sides of

the beam, although rnost of the data are fol an extension on the tensiorl side only. The

typicat M-Q curve is similal to that for the flush end plate, but with greater iritial

stiffness and morrent capacity, often up to the beam Mn, and sustained through a larger

range of rotation.
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Combined Web and Flange Angles

Only 2 test series have been iclentified; in one case (Zoeterneijer, 1974) foul M-Q curves

were obtained fiorn the four connections in a fiarne test. Both sets of results gave M-Q

curves which are nonlineal over tho whole range of rotations, with a forrn rather silnilaÍ

to that for the flush end plate. Both initial stiffness and mornent capacity were shongly

influenced by the details of the two types of angles. Factors which irnprove

perfolrnance are: increasecl angle thickness, r'educed gage for'flange angles (web angle

gage was not a variable) and increased length of flange angle, with web angle length

having only a comparatively small effect,

Tee Stubs

Once again only 2 sets of M-Q cfata are available ancl these exhibit one rather noticeable

clifference. Fol the tests by Zoeternejer' (1974) significant slip occuued at about 30-40

percent of the rnornent capacity of the joint, leadiug to a plateau on the M-O culve

followed by an increase in stiffness as the bolts came into bearing. Such behaviour is

abseÍìt fiorn the Ìesults of Bannister's (1966) tosts, which show a rernarkable degree of

consistency in terms of a virtually [near initial stiffness. Changes in the numbel of

bolts used to secure the stems of the tees to the column flanges affected only the

lnoment capacity,
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Top Plate and Seat Angle

Although several series of test have been perforrned very little M-Q data ale available.

The M-Q culves of Van Dalen's (1982) tests show that initial connection stiffness is

n.raintained up to about 50 pelcent of the connectiou lnoment capacity. Although this

rnay be extended by direct welcfing of the top flange of the beam to the colurnn face,

this tends to drastically leduce ductility, leading to a vely blittle connection.

Tee Stubs and Web Angles

Only one stucly (Zoeitemeijer, 197 4) using bolted joints has been identifiecl, with only

one M-Q curve provided. Direct comparison with flush end plate tests fiom the same

series suggests that the tee-stub plus web angles is slightly stiffer and has a larger'

rrìoment capacity.

2.2,2 Bale Steel Connections Under Cyclic Loading

Uncler wincl ol seismic loading, bearn-to-column connections rnay experience lnornelìt

fluctuations or even reversals. Beam-to-coiurur connection tests have cler¡onsh'atecl that

the unloacling behaviour of a connection may be quite different than its behavioul uncler

initiai loading. The rno¡nent-rotation curves shown in Fig. 2.2 r'epresent initial-loading

connection behavioul'only. Under cyclic loading, the behaviour illustratecl in Fig. 2.3
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is typical. The unloacfing culve is approxirnately a clouble miror irnage of the loading

curve, the unloading stiffness being approxirnately equal to tho initial-loading stiffriess.

Because of this behaviour', identical connections at the two ends of a beam may behave

differently at a given stage of loading of the structure, and the hysteretic behaviour of

the con¡rections rnay have a significant effect on both the static ancl the clynamic

response of the structule.

Popov and Pinkney (1969) investigatecl five different connection specimens, three of

thern involving connections to the colulnn flange, the other two involving connections

indilectly to the colurnn web. Beltero et al. (1972) aììcl Popov et al. (19'73) studied the

energy absorbtion ancl clissipation capacities of the coruection. Astaneh et al. (1989)

studied the behaviour of double angle connections uncler cyclic loading. The behaviour'

of end-plate and extended encl-plate connections under cyclic loading was investigated

by Tsai et al. (1990), and Ghobarah et al. (1992). So¡ne of the conclusions reached in

the above-rnentioned investigations are the following.

1 The lnolnent-rotation hysteresis loops for cyclically loaded steel

connectiolls are highly reproducible.

2. The ability to withstand sovele repeated and leversed loading seerns to be

assured fol properly designed and fabricated steel connections.

3. The energy absolbtion and clis¡ibution capacity of a connection is an important

indicator of connection reliability.

4. The energy dissipation pel cycle of mol¡ent leversal is approxirnately
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proportional to the residuaÌ clefolmation of the connection.

In the absence of s1ip, the lnathematical representation of the hysteresis curve

using a standald function such as the Rarnberg-Osgood function has been founcl

to be highly satisfactoÍy for shuctural analysis purposes.

2.2.3 Connections of Composite Beams to Columns

Interest in the behavioul of serni-r'igicl connections between cornposite steel-coucrete

beams and steel columns has developecl only recently. The use of continuous

reinforcerneut over colurnn lines to provicle for cornposite action at the bearn-to-column

connections was filst proposed by Barnarcl (1970). Since then several investigators have

conducted tests to deteÌmine the charactelistics of composite semi-rigid conuections.

Johnson and Hope-Gill (1970) testecl several short double-cantilever composite bearns

at the University of Carnbridge. Echeta ancl Owens ( 1980) tested two serni-r'igid

cornposite connections to a conclete-fi1led rcctalìgul tube section colurnn. Van Dalen

ancl Godoy (1981) tested a series of sirnilal cornposite and bare steel connections.

Experimental studies of fuli scale composite beam-to-column conllections have been

conducted by Leon et al. (1987). Bernuzzi et al. (1991) investigated the behavioul of

heacler plate, flush end plate, extonded end plate and "rigid" fully welded corrposite

conr'ìections uudel monotonic and cyclic loading. It was founcl that composite actiorl

greatly iucleased the strengths of the conllections and that semi-rigid cornposite

counections can sustaiu lalge lotational defonnations.
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Experirnental studies of composite connections have revealecl the following special

characteristics.

1) Because behaviour is influenced by several matelial and geornetric parameters,

the determination of a moment-rotation curve for a particular type of connection

requires a combinecl experirnental-analytical investigation.

2) Even a careful expelirnental study rnay not clarify all lelevant valiables. For'

exarnple, while rnost tests ale conducted with a fixed value of the lnoment-to-

shear ratio at the connection, for a weak connection the interaction between the

moment and sheal should be taken into account when developing a yield surface.

3) For composite semi-r'igid connections the lnoment-rotation cuwes are not

syl neuical about the zeLo-rnoment axis.

4) If cyclic loacling is anticipated, the degenelation of the morìont resistances of the

connections should be accounted for.

For frarnes which include composite beams, the section plopelties for the bealns

are different at mid-span than at the colurnns.

Selviceability critetia lnust account for both time-dependent effects such as creep

and shlinïage of the concrete, ar.rd the effects of end resffaint.

Because of the cornplexity of composite connection behaviour, comprehensive

lnathematical rnodels of theil rnoment-rotation behaviouÌ are not yet available. Research

is needed on the behavioul of serni-rigid cotnposite connections and frarnes which

include ther¡.

5)

6)
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2.3 Connection Data Bases

Sevelal researchers have assernbled data bases of expelirnentally measured rnoment-

fotation data fot the cormnonly usecl bearn-to-column connection types. The data bases

include not only the connection behaviour, but also the rnaterial and geomeÍic

palametels which affect that behaviour',

Goverdhan (1983) cornplied connection data fiorn experimental tests conducted

subsequent to 1950. His sumrnary covered double web angle, single web angle, single

wing plate, header plate, end plate, and top and seat angle connections. Goverdhan

evaluateci the various analytical functions which have been proposed to rnodel

connection lnolnenl-fotation behaviour and indicatecl which are the most accurate. For

double web angle connections, he lecommended the use of the bilinear function

cleveloped by Lewitt, Chesson and Munse (1969). The Richald-Abbott function

(Richalcl et al., 197 5) was lecon-urencled fol single plato connections. Sormner''s (1969)

poÌynomial function was recornnended for headel plato connectioÌrs. Goveldhan

believecl that none of the available prediction equations was suitable for the encl plate

connection and that additional research was needed to develop a suitable one. A

polynornial plediction function developed by Altrnan et al. (1982) was recolmnended for'

top aud seat angle connections.

Nethercot (1985) reviewecl data from rnore than 70 sepalate expelilnental stuclies on
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steel bealn-to-column connections. Of the more than 700 test specimens consiclered,

Nethercot found that approxirnately 300 provicled cunently useful moment-¡otation data.

The study covered the following ten types of connections.

1) Single web angle

2) Single web plate

3) Double web angle

4) Flange angle

5) Header plate

6) Flash/extend end plate

7) Combinecl web and flange angle

8) T-stubs

9) Top and seat angle

10) T-stubs and web angles

Kishi and Chen (1986) constluctecf a comprehensive computerized database for'

rnonotonically loadecl bare steel bealn-to-column connections. The database

encornpassed all available expelimental clata for riveted, boltecl ancl welcled connections

tested between 1936 ancl 1986. For each set oftestdata, the following inforrnation was

included also:

1) connection type and fastening mode;

2) narne of author(s), test icleutification and narne of country where test was

conducted;
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3) beam and colurnn rnaterial propertios, ancl size of fasteners;

4) matelial properties for connecting elements; and

5) size parameters for all connection colnpouents.

The study which led to the development of the database included a review of analytical

functions fol modelling moment-rotation behaviour'. Considering accuracy, sirnplicity

aucl versatility, the Flye-Morlis polynornial (1975), the Kishi-Chen power function

(1988), the Rarnberg-Osgood function ploposed by Ang and Mouis (1984) and the Wu-

Chen exponential model were recommencled.

2.4 Ellect of Connection Behaviour on Column Strength

2.4.1 Background

The analysis of an elastic, pelfectly shaight, piu-ended colurmr was first peúouned by

Euler in 1759. Subsequent analyses have incorpolated the effects of initial crookeclness,

load eccentlicity, residual sf,esses, inelastic l¡ehaviour ancl continuity with othel'

rnembels in a fiame. Several recent studies have examilied the effects of beam-to-

coluurn connection behaviour on the strength of colurnns in steel frarnes,

Sugirnoto ancl Chen (1982) usecl an "approxirnate cleflection methocl" in an examination

of the effects of connection behaviour on column end restraint. Vinnakota (1982),
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Razzaq and Chang (1981) and Razzaq (1983) ernployecl a finite difference scheme to

develop column load cleflection cules. Jones, Kilby and Nethelcot (1980) ernployecl

a one-diurensional finite element rnodel and incremental loading scherne with iteration

at each load step to account for both nonlinear column behavioul and nonlinear

connections to beans at the colurnn ends. Bergquist (1977) used test data to obtain a

load-deflection curve fol a colurrul leshained by nonlineal connections to bearns at its

ends.

Notwithstrnding the studies cited above, the effects of the beam-to-column connections

on the effective length factors, and thus the streugths, of colurrurs in flexibly corluectecl

steel fi'ames are not yet fully undelstood.

2.4.2 Elfective Length Factors for Columns in Flexibly Connected Frames

In the discussion that follows, the braced frarne shown in Fig. 2.4 (a) was usecl. In this

discussion it was assurnecl that elastic buckling of all colunms occurs simultaneously ancl

that the buckÌed configuration is as illustrated by the dashecl lines in the figure. That

is, the deflected shapes of all colurnns are similar', with a rotation of 0u at one end and

0'- at the other, arìd the deflection curves of all bearns are symmetrical about theil rnid

points.

As colurnn U-L, whose buckled configuration is shown in Fig 2.4 (a), and the coluur¡s
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above and below it buckle, the ends of the beams framing into joints U and L

experience rotations 0., and 0,- tespectively. If the bealn-to-colulnn connections are

rigid, the total restraining rnolnerlt plovided by the beams at joint U is

a=tl tff¡ o¡6o
(2.L\

Where I, and Lo are the second rnolnent of alea and the length of the typical bearn.

Rearrauging Eq. (2.1)

where

0o is the end rotation for the typical bearn, and

0u is the rotation of joint U.

Since the reshaining molnent M is apportioned to the columns irunecliately above ancl

bellow joint U in proportion to theil EVL value, the molnent applied to colurnn UL is

(+),(t (?Ytot
xM- " " x 6.-

\- I Err
'/z ' a'c

t2 .2)

(2 .3)
t Ert\ - |U

" E(+).

Where

(EI/L)' refers to colunm UL, ancl surnmation of (EVL)" refers to the two columns

rneeting at joillt U.
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Defining a stiffness distribution factol a! joint U

Eq. (2.3) can be written

\- I Err
L¿' r tc

j' t#t^L-

2(+\ uau
Éu

2 (!:\ ,e,.
uGt

A similar stiffness disnibution factor, GL, at joint L can be defined, at the moment, ML,

applied to colur¡n UL computed as

(2 .4J

(2.5)

12 .6)

The differential equation descdbing the equilibriurn of buckled column UL can be

expressed in terms of Gu and Gr. The solution to that equation has been presented in

ter-lns of a nornograph (Julian and Lawrence, 1959) which, for given value of Gu and

Gt, yields the effective length factor, K, for colurnn UL.

If the bear¡-to-colurnn connections in the frame shown in Fig.2.4 (a) ale flexible, the

typical bearr with deforms as shown inFig2.4 (b). The beam end rotation being 0o ancl

the rotational defonnation of the connection denotecl as 0". The rotation at joint U can
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be expressecl as

M0,r=

whele C is the tangent stiffness of the connection.

Defining an effective stiffness

\'/ 1 *1\ 12.1)z- \ ),¡¡.T- 'Vt,-J-,'

(2.B)

12.9)

F¿ 1 n1t¿--',28r, c',--l ,o

The lotation at joint U can be written

ê..= M
"cr

Then the rnornent applied to column UL at U is

t#¡, tff) ucro,y- " * !,!- " /2.10\" E(+t" E(+)"

Cornparing equations (2.4) and (2.10) a stiffness clistribution factol Gu-, atjoint U in the

flexibly connected frame can be clefined as

')o

l2 .11-)



A stiffuess distribution factor G,-*, atjoirìt L carr be defined similarly, and the Julian and

Lawrence nornograph can be used to detelnrine the effective length factor for column

UL in the flexibly connected frarne.



Fig. 2.I Force and Dofornation Components of Con¡ection
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Fig. 2.2 Typical Moment-Rotalion Curves lor Common Connect¡ons

Fig. 2.3 Experimental Moment-Rotation D¡agram
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Typê of coorccrior RcfcÉrcê for
cxp.rim¿nl¡l dô13

Dal.¡ Cou¡rry
of
orisin

No. of
t.lt

Commcnrr cn M4 ctwc

1.. Singlc wcb r-nglcr Lipson

Lipson
Lipson & Antonio

1969

191 .1

1930

Cr¡¡d¡
C¡¡ad¡
C¡¡ad¡

138
.f3

t3

Providcd þ. 17 bolt60lr
lcr!s ¡¡d .+ wcldrboh rest

Provid.dõbohMvsOfor
ll *ci¿toll resrs

P.oviJed rs boll Ìf v3 Q for
ll rci¿bolt tests

2. Doublè wcb o¡glê Bath & Rowon

R¡!hbun
Hechr.tr¡¡rn & Joh¡ston
Vunsc c¡ a.l.

Lewitt .l 31.

Sommcr
Bergqui3!

Ben¡erll et iL
Ma¡scll & Ph¡m

Bosc
girkemoc & Gilnour
fucles & Yun
Wing & hrnis
Bjorhovdc
Onu¡h et ¡I

t93J
t 9_16

19.r7

1959

t969
t969
t9n

r973

l93l

l96l
I973
193:
t983
l93r
l9rs

U.K
u.s.À.
u.s.A.
U.S.A.
u.s.Å.
C¡¡ad¡
u.s.A.

.{us¡r¡-ti¡
Austr¡lì¡

U.K.
Crn¡d¡
u,s.Å.
Crnad¡
u.s.A.
C¡r!dÂ

1
{
4
1

I
1

2
8

I
2

3

t2
t0
?0

P¡orrd:d lor erch æsr

lro\idcd for.Âch tcs!
P¡o!ìC.d ior e¡ch tèit
.Àlso Þ¡olid¿5 unloâding
stiC¡¿s¡
Pronded ior esch tesr

Scm: i¡oicrtion f¡om shc¡r
3nd rorâfion Ètults
ProhdÈ¡i
Sot prolii.d
\c( prÞud:d
\ot prÐ!l&d
Prohd:d tùr.¡ch res!

Pro'"rri:ri àr ¿¡ch test

3. Web side platc Pham & \lan¡eìl t98: Àusül.ii 5 Sonrc i¡<iic¡¡ioo from shc¡r
rol¡rioe f!rulB

4. FIange saglc B¡lho &. Rowã¡
Yaxwcll .r âl
Bosc
V¡¡ D¡lên & Oodoy

H.otz

Rrthbun
Hecht¡n:nn & Joh¡ston

t936
I93I
l98l
l9E?

1963

1936

1947

U.K
U.K
U.K
C¡nad¡

l9t3
r936
t947

l0
tz
I
I

3

l9

P¡ovirion oi fr¡ll curvcs
Prolisioo ol full curvc
Full cllrl'c for úis |¿st rnd fo. 2
simihr cq!porire
sPeciñmt
Provisicn of ñ.rll curves

5. Botoñ lla¡gc
angle & wcb anglc

Table 2.1 Summary ol Bare Steel Connection Tests
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fype of conncctioo Ref¿rcncc for
¿xp.riñen!¡l d¡¡¡

dat¡ Country

:l
No. of
lart CoÍimcnts on M4 curves

6. Hcadcr plaæ Sommer
Kennedy & Hrfcz
Bcnnc(ls et al.

Pham & Ma¡sell

1969

t93J
Ì9?8

l9t:

C¡nad¡
C¡.n¡da
Àustr:-ti¡

Austrr[i¡.

20
I
z

i

E !f.g curvca given
Provision of full curvc¡
Prolision of füll cury€r
incìu,Jing unloading oad, in
on¿ c¡lc. r.lo¡ding
Somè indicrdon from shear
rohtion ¡erulls

7, Flr.tsh end plate Zoeuneijer & Kolstcin
Bose

Vorris & Ncwsor¡c

Yrnn & Monis

Zcetemeijer

Philllps & Packcr

Jenkins è! ¡I
Zoer-emeijer

I97-(
l9s I
l93l

I98I

l93l
I93J
l9?J

Ne¡ierl¡nds

U.K

Nc¡jred¡nds

C¡¡¡d¡
U.K
Nc¡jrcrlends

lz
I
.t

6

23

5

3

6

Pmvidê for €rch (est

Prorrded

P¡ovid¿d for c¡ch æst

!f vclsus d¿fleciion curve!
pro!'ided
Provided ior 16 Gslr orlly,
oùcr 7 suppli¿d priv¡lcly

Prolid¿d for c¡ch rÈs!

PrÐlidÈd for e¡ch tesr

Povided for ¡.ll ¡esa four of
which rvcrc for joints in frorncs

8. Exteoded end plare Sherboumc
Joh¡son e! 31.

Bailey
Sunces & Ma¡¡

Zoe@meij¿r

Gmndy

Prckcr & Moni¡
Ta¡py & C¡rdi¡al
Bahia et ¡I
Jeokins êl ÂL

Voör & Sim¡
Zcctcmeijer & Muntcr
Zoeterncijer
Zcetemeijer

t96l
1960

t970
1910

1971

1980

t9n
t9t I
r9Er
l9El
1983

t98{
r98l
l9E I

U.K
U.K.
U.K
U.K

Ncthcrir¡ds

Austnli¡

C¡¡ad¡
u.s.A.
U.K
U,K
U.K
Ncthcrl¡nds
Neùerlands
Nc thcrla.nds

5

I
It
5

I

2

5

2
.{

{
t0
5

Provided for { joints in Imme
rcst cnl:/
LoadJellecrion cnoes only
providerl

Pmvided for 3 rc'ts only
ProvidÈd for 3 tcats only
ProvidÈd fo¡ I tcsts onll/
Provided lor cach res!

P¡ovid.d for ? ær only
Pmvided for eÂch tes!
P¡ovid¿d fo¡ esch test

Providcd fo¡ crch test

Table 2.1 Summary of Bare Steel Connect¡on Tests (continued)
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Fig. 2.4(a) Buckling of Flexibly-Connected Frame

Fig. 2.4 (b) Beam With Fìerible End Connections



CHAPTER 3

MODELLING OF CONNECTION BEHAVIOUR

3.1 Modelling of Beam-to-Column Connections

Physical testing of connectíon specimens is the primary means by which the behaviour

of connections is established. However, because physical testing is tirne consuming and

expensive, numerous attempts have been made to compute connection behaviour tlu'ough

the use of analytical connection models. Yield line analysis, aud more recently finite

element ar.raiysis, have been used.

Sherbourne ancl Murthy (1978) usecl finite element techniques to investigate ancl cìevelop

simple equations for the clesign of both weldecl and bolted beam-to-column connections,

taking into account elasto-plastic rnatedal behaviour'. KÌishnarnurthy and Graddy (1976)

studied the behaviour of end plate conìrections using 2-D and 3-D finite elernent

techniques. Lipson and Muhalnmad (1978) moclelled elastic-plastic behavioul of sirtgle

web angle connections subjected to cyclic ioacling involving end shear and momeut.

Ricles et al. (1982) used an elastic finite element technique to study and rnodel a

modified block sheal failule of double-row boltecl-web connections. However, their

stucly was confined to the strength ancl stability of only some of the connection

cornponents. Talpy and Caldinal (1981) usecl a finite element model to per{orm a
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palameÍ'ic study of 97 encl pìate connections. They obtained a prediction equation for

the M-Q lelationship using a rnultiple linear regression arialysis. Klishnarrurthy et al.

(1979) developed a two-dimensional finite element rnodel fol end plate counections.

The results of their palarneti'ic stucly wele statistically plocessed by a multiple linear'

regression analysis package to obtain rnomeut-lotatioll equations. Richald et al. (1980)

studiecl single plate connections using the fi¡rite eler¡ent method. They proposed a

powerful precliction funcfion, the Richarcl-Abbott function, fol modelling the M-Q

behaviour of the connection. Few finite elemont studies of connection behaviour have

been conductecl cluring the past ten years.

Yield line analysis was usecl by Abolitz ancl Warner (1965) in a study of brackets

welcled to coÌurnn webs. Stockwell (I97 4) analyzed colunrn webs with weldecl beam

co¡rnectior.rs. From his analysis Stockwell computed the ultirnate moment which coulcl

be trar.rsfened tluough the connection to the colurnn web. Packer ancl Mon'is (1977)

developed the analysis of the colurmr flange failure mechanism by allowing for curved

yield lines which accurately predict the column flange flexulal yielcl loads in both

unstiffenecl ancl nolmally-stiffened connections. By application of the yield line theory

to the encl-plate, they cleveloped a convenient design approach.

3.2 Modelling of Moment-Rotation Behaviour

The rnost conl.nor. y usecl approach to describe tho rnoment-rotation behaviour of

3'7



connections has been the curve-fitting of experimental data to simple expressions.

Alternatively, simple analytical procedures have been used to preclict connection

behaviour in those cases whele no test data were available fol the specific connection

details. Numelous conrìection tests have beer.r performed. They have yielded a rather

large body of M-Q data, which have been usecl in the developrrent of valiety of M-Q

rnodels.

l. Linear models

Rathbun (1936), Monforton ancl Wu (1963) and Lightfoot and LeMessurier (1974) usecl

the single stiffr.ress lineal rnodel. With that rnodel the initial stiffness is used to

represent the connection behavioul ovel its entire loacling range. The model is effective

only for rnoments within the serviceability Iirnit of the connection.

A bilineal rnodel was ploposed by Tarpy and Carclinal (1981). In this rnodel the i-rritial

slope of the moment-rotation line is followed, at a particular'fiansitioll tnoment, by a

second line with a smaller slope. The bilinear model provides a bettel representation

of the connection behaviour than the single linear stiffness model cfoes.
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2. Polynonrial models

Frye and Moruis (1976) deveÌoped a polynomial rnodel to predict the behaviour of

several commor.r connection types. They first usecl statistical regressiol.t apploaches to

culve fit expelimental data. In this r¡oclel, the M-Q relationship is replesentecl by an odd

powel polynomial of the fonn

Q =cr (KM) r+Çr(ItM)3+çrlKM)5 (3.1)

where K is a standarclization parameter depenclent upon the connectíon type and its

geomeuic paraÍneters, and C1, Cz and Q are curve fittiug constants. This model is able

to repl..esent the M-Q lelationship reasonably well. However, clue to its inherent

oscillatory nature, it may yield elratic approximations to the connection stiffness at

various rotation values (Jones et. al. 1980).

3. Exponential model

Yee and Melchels (1986) proposed the following four-palarneter exponerltial model to

repl'esent the nonlinear M-Q behavioul of bolted connectiolts.

- (R.-R +Cô)ô
M=M,,(l-exp ( ',i ' '))

' lvl -

(3.21

where Mo is the plastic molnent capacity of the connection, R, is the initial elastic

connection stiffness, Ro is the strain haldening connectio¡r stiffness, and C is a constant
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that controls the slope of the curve.

Lui ancl Chen (1986) proposecl the r¡ultipaÌameter exponential model

/-) ') \

where M"is the starting value of the connection lnomelìt to which the curve is fitted, Rkr

is the stl ain-hardening stiffness of the connection, cx, is a scaling factor, and C, is a curve

fitthg constant. Kishi ancl Chen (1986) refine<l the Lui-Chen exponential model,

expressing it in the following form.

M=E (1-e-lÞl/z)a) +M"+lD"(Q-QÌ)¡rtQ-Qul (3.4)
j=1 r=I

whele M" and o¿ are defined as in Eq. (3.3), D* is a constant parametel fol the linear

portion of the curve, Qk is the initial rotation for the linear component of the curye, and

C, and D* ale curve fitting constants obtained frorn a linear reglession analysis, and H[Q]

is Heaviside's step function (unity for Q > 0, zelo for Q < 0).

Wu and Chen (1990) proposed a thee-parameter exponential rnodel to represent the

lnolnent-r'otation behaviour of top and seat angle connections with or without clouble

web angles. It has the following forrn.

,=Ð,=r"t (1-e-lolrz;e¡ +lro +n,., I Ql

M=¡{rntt+ Q llM,, nQ.,
(3.5)
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where Mu is the idealized elastic-plastic rnechauisr¡ ulor-nent, Q is a reference rotation,

and n is a shape parameter.

4, Ramberg-Osgood function

Ang and Molris (1984) used a stanclardizecl Rarnberg-Osgoocl function (Rarnberg and

Osgoocl,1943) in the powel forrn.

ln this equation Q., (KM)" ancl n are constants to be evaluatecl from a Ramberg-Osgoocl

curve fitting prograln.

5, Richard-Abbott function

An M-Q moclel using the Richarcl-Abbott (1975) functíon, expressed in the following

for-m, was cleveloped by Attiogbe and Morris (1991).

O = f,N t1 + t .(M 1rr-r 1

T; lø['- '-rffi\' (3.6)

,9
1- P

.9
M=s"o I * sur

s"-
(3.7)

(r.l (+-Tk)Ql")+

In Eq. (3.7) S"=MJQ" is the initial slope, M" is a r..eference moment, Qo is a reference

rotatiorl, Sn is the slope of the asyrnptote fol lalge values of Q, and n is the parameter

that defines the shalpness of the cuwe. The function, which requires only four

palameters to defiue it, was shorvn to be rnoLe acculate and versatile than others that
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have been used for the purpose.

3.3 Standardized Moment - Rotation Function

ln the preceding section, a nurnber of connection models and their mathematical forms

have been plesented in genelal terns. In order to account fol connection behavioul in

a structual analysis proglarn it is necessaly for the prograrn to have the connection M-Q

functions available to it. Because it woulcl be prohibitively expensive to store the M-Q

relationships for all plactical conuection types and sizes, an ath'active solution is to

derive and stoÌ'e a single " stanclarclized " function explessed in terms of the geornetric

palameters, for each connection type (double web angle, end plate,etc.). Then, when the

structural analysis computel pì'ogram is run the geornetric palametels can be input and

substituted irito the standarclizecl function to generate the specific moment-rotation

functioris fol all connections in the stlucture.

The stanclarclization procedure was first usecl by Sommer (1969) to describe the M-Q

behaviour of welcled header plate connections. The procedure was subsequently

generalized by Flye and Mouis (1976), Altman et al. (1982) ancl Ang and Morris

( 1984).

Flye and Monis (1976) developed M-Q equations fol seven types of cormnonly used

connectiol1 types. In theil rnodel, the M-Q lelationship was replesentecl by an odcl power
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polynomial of the for'nl:

Q =C, ( f{M) t*C,(KM)'*C.(KM)t (3.8)

In Eq. (3.8), K was expressed as a procluct of the significant geometric parameters for

the connection, each laised to an expouent evaluated in a curue fitting process. Fot'

example, for the double web angle corlnection, the star.rdaldizecl M-Q function was

0=3.66 ( Iî4\ x7o-4+1-.15 ( Io4) 3xl-0-6+4.57 (¡31) x10-8 (3.9)

where

K=d-2.4 t-0.23 g1.64 (3.10)

In Eq. (3.10)

cl = depth of bear¡

t = thickress of web angle, and

g = gage of bolts to colurnn flange

A1t¡¡an et al, (1982), following the proceclule used by Frye arrd Mollis, developed

precliction equations to clescribe the M-Q behaviour for strap angle connections and top

ar.rd seat angle connections with clouble web angles. Theil equation had the foilowing

form.

þ=o .223xLo-l ( tuI| +o .1-85xl0-? (Iø!)t*o.3t-9x10-11 ( fof) 5 (3 ' 11)

where
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K_ t-1.'t281 d_r.2Biat-0.6e4'L gr.31eef -0.6e4i (3 .12)

ín which t" is the top angle thickness, d is the beam clepth, t," is the web angle thickness,

I, is the length of the top angle, and g is the distance florn the heel of the top anglo to

the lower edge of the fastener. All palameters in Eq. (3.10) ale expressecl in inches.

Ang and Mouis (1984) used a standardized Rarnbelg-Osgoocl (1943) function of form:

0_ RM ¡1_t KM \,,-r1
4., (r,r4) "' lrØ) "

(3.13)

where Q., (KM)., and n ale constants that define the shape of the standardized function.

Again Palameter K, which accounted for the effects of the connection size parameters,

had the fon¡:

x=fløi (3.14)

where

qj =numerical value of the jth connection geolnetlic parameter

ai =dimensionless exponent which indicated the effect of the jth

geolnenic paÌalneter

r¡ =numbel of parametels

They derived standardized lnoment rotation prediction equations for single web angle,

double web angle, header plate, top aÍìd seat angle ancl stlap angie connections. Since

the standardization plocess involvecl the averagir.rg of all available experirnental moment-
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rotation data, reasonably good accuracy was obtained. The clifferences between the

predicted momelÌts and the experimental data on which they were based wele l-eported

to be in the range of 3 to 18 percent.

Attiogbe ancl Moris (1991) adapted the Richard-Abbott function to express the M-Q

relationship in terms of connection size parameters. The function was expressecl in the

following forrn.

Md)
E" T"'

" ^0"pM

ti.l (+-_¡4"årQ 1,1ì

s,,Q",
f __- IM"'

(3.15)

While earlier standai-clizecl functions used a single paraÍneter K to accour.rt for the

iuflueuce of all of the geometlic parameters, Attiogbe and Mouis used muitiple linear

reglession analysis to express each of the four Richard-Abbott parameters in terms of

the connection geomoû y. For exarnple, for the double web angle connection the dedvecl

parameters were

Qo= ( t 0. sesg.-2.8 ).1 f 4.731 d-a.184b-s.0sz ¡ x10-l

Ma= t L \36 g-1.sI5f 1 13ed0.258b0.309

n=ta.522gt.56af-].0'rd-O.?rbr.04 (3.16)

c - / - 0.955^2.044 I -4.44\åa.1)ib1.555)X10rvp \Ç

whele,
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t = angle thickness, mm

g = gauge of colunur flange bolts, mrn

I = angle length, mrn

d = bearn depth, run; and

b = number of bolts per angle leg on column flange,

The units for Q., M. and So are radians, kN m ancl kN m/raclian, respectively.

Lì theiì' study standarclized M-Q equations for single web angle, double web angle,

header plate, top ancl seat angle, and strap angle conllections were derived using a

rnultiple regression analysis plocecluie. Fl'orn the comparison it was concludecl that the

Richalcl-Abbott function provided better fits than clid the Rarnberg-Osgood fuuctiou.

3.4 Modelling of Connection Behaviour Under Cyclic Loading

While most connection tests have invoivecl monotonic loading on1y, connections in

frames nolmally experience some foLm of cyclic loading. The M-Q clata from cyclic

loading tests suggest that the unloading blanch of the M-Q culve apploxinates a double

rnil'or irnage of the loading blanch. Followilrg Moncarz and Gerstle (1981) who usecl

a bi-linear M-Q function, Huar.rg and Monis (1991) ernployed five functions, all clerived

fior¡ the Richalcl-Abbott function, to r¡odel the M-Q behavioul of connections under

cyclic loading.
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3.5 Connections of Composite Beams to Steel Columns

Although construction involving steel beams cornposite with flool slabs is preclominant

in North America, though not in Europe, only a few researchers have studied the

behaviour of connectious between steel columns and cornposite beams.

Wald and PaLik (1990) proposecl the following power model to repr-esent the M-Q curve

fol counections in cornposite constluction. Theil plecliction equation was expressed as:

a=! tt- M l,'CM,, (3.17)

whele C is the initial stiffness of the connection, M" is its ultir¡ate lnoment capacity ancl

n is a variable accounting for the clissipated energy. Parametor n was evaluated using

expelilnental data.

Arnrnerman and Leon (1990) ernployed a n'i-linear model for the seat angle and web

clip connection, Theil tii-linear curve was obtained from an exponential lnoment culve

developecl by Lin (1987). Wald (1991) employed an exponential expression ploposecl

by Frye and Monis (1976) for cornposite beam-to-colurmr connections.

M-Q prediction equations for composite corìnections under cyclic ioading have not yet

been proposed. It would appear that the Richard-Abbott function can provide accurate

fits to the M-Q behaviour of composite, as well as non cornposite, connections.

41



However, the lack of symrnefty of the mor¡rent-r otation behavioui of the cornposite

connection must be lepresented,

3.6 Treâtment of Connection Behaviour in Design Specifications

Traditionally, connection clefolnation and its effect on shuctures have been dealt wíth

only indir-ectly in steel design specifications. In recent yeals, however, there has been

a trencl towarcl the explicit lecognition of connection behaviour. The Í eatment of bearn-

to-column connections in tluee impoltant steel design specifications is desclibecl below.

1 Canadian Standards Association (CSA)

CSA Sønclald CAN3-S16.1M-89 (CSA,1989) is a limit states design specification for'

steel structures in Canada. It specifies that sfiuctures shall be designed assuming either

"continuous constluction" or "simple construction". ln continuous cons[uction the

beams and gilders are to be assumed either rigidly framed or continuous ovel.. supports.

Connections are to be designecl to resist bending rnolnents ancl intelnal forces calculated

on the assumption that the oliginal angles between intersecting members remain

unchanged as the snucture is loaded. Lr simple constluctiou the ends of bearns and

girders are to be assumed to be fiee to rotate under load, in the plane of loadirig.

Resistance to lateral load is to be provided by bracing oI sheal walls or a part of the

sfiucture designed as continuous consûuction. Subject to certain conclitions, a fiame
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designed to resist gravity loads on the basis of simple consÍuction may be propoltior.red

to lesist latelal loads through the moment lesistance of celtain specified con:rections.

The specification does not explicitly lecognize the non-linear M-Q behaviour exhibited

by virtually a1Ì beam-to-coluurn connections.

2. American Institute of Steel Construction (ÀISC)

The AISC Load and Resistance Factor Design (LRFD) specification (4ISC,1986)

permits two basic types of construction - Ful1y Restlained (FR) and Partially Restrainecl

(PR). Fully Restrained consfuction assuûros ligid connections. Partially Restlainecl

construction describes those conditions where either the connections lack sufficient

sfi'ength to transfer the beam end moÍients into the columns, or they lack sufficient

stiffness to viìtually elir¡inate rotationâ1 defolnations between the beams alrd the

colurnns, The specification lequires that when connection leshaint is relied upon in the

clesign of frarnes, the capacity of the connection fol the clesired restraint must be

establishecl by analytical ol ernpirical rnethods. It thus recogr.rizos the effect of

connection behavioul in general, though it provides no guídance on how to model it.

3. EUROCODE 3: Common Unified Rules for Steel Stluctures

EUROCODE 3 (1990) defines tluee framing types - simple, contiuuous and semi-

continuous - and specifies the types of beam-to-column connections required for each.
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The connection types are defined using a system which classifies them by rigidity as

"non-rinally pinned", "semi-rigid" ancl "rigid", ancl by strength as "partial-sn'ength" and

"full-strength". The connection M-Q characteristics of the connections assumecl in

desigr.r rnust be basecl on theoly suppolted by expelirnental evidence. They rnust define

the initial stiffness, the ultilnate lnornent resistance and the rotational deforrnation

capacity. The specification thus requires that connection behavioul be carefully modeled

ancl accounted for in the design of frames.

3.7 Classification of Connections

When a fr-ame is clesigned the connection chalactelistics are not known in advance. At

most, the designel may have decided to use relatively flexible connections, as in a

bracecl frame, relatively rigid ones, as in a moment-resistant frarne, oI ones that ate

intelnecliate between the two extremes. Thus for prelirninaly design purposes it is not

possible to lnodel connection behaviour precisely. However, that behaviour rnay be

apploxirnatecl using a conllection classification systeln which perrnits connection M-Q

behaviour to be expressed in teLms of the properties of the connected mernbers. One

such classificatiorì systorn has been incorporatecl into EUROCODE3 (1990) and at least

two other sir¡ilar olres have been ploposed (Bjolhovcle et. al. 1988; Bijlaard ancl

Steenhuis 1991).

The connection classification system incolpot'ated into EUROCODE3 defines connectíon
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types iu ter¡ns of the strength ancl stiffness of the connected beam. In telms of stiffr.ress,

the systern is illustrated in Fig. 3.1, for braced frarnes and in Fig 3.2, for unbraced

frames. The connectiou is classified as either "nominally pinned", "serni-rigirl" or

"rigid", depending upon its M-Q behaviour. Nominally pinned connections sustain latge

rotational defo ¡ation while transmitting only srnall moment, rigid ones perr-nit only

sn.rall relative rotation between the beam and column while tlansfen'ing relatively large

Íronlent, ancl serni-rigicl orles are intermecliate between rigid and nominally pinned. The

boundary between the rigid and semi-rigid classifications is tri-linear, while that between

the semi-rigid and nominally pinned ones is linear. The connection moment, M, is

expressed as a flaction of the beam plastic moment, Mo, while its rotatior.ral defolmation,

Qo, is expressed as a fuuction of

where,

Qn = MoÇEIo.

E = r¡odulus of elasticity

I¡= Secorrd l.nolnent of ar-ea of the bearn

I+= beam length.

The boundary between norninally pinnecl and semi-rigicl connections for both unbraced

and blaced fiarnes has a slope S = 0.5 EIu/h. In terms of strength, the connection is

classified as either "ful1-snength" or "partial-snength", dependiug whether its ultir¡ate

rrorreÍìt resistance is equal to or less than l\4n for the beam.
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While EUROCODE3 uses a ti'i-linear fuuction for the boundary between rigid ancl semi-

rigid connection classes, an athactive alternative for sor.nputer use would be a

continuous function. Fol exarnple, the Richard-Abbott function can be fitted to the úgid

- serni-rigicl boundary fol full stlength blaced-fia¡ne connections as follows. Since the

tri-linear boundary is flat-topped, Richard-Abbott parar.neteL So = 0 and M" = Mp for the

bearn. Since the initial asymptote for the Richard-Abbott function, M"/Q., equals the

initial slope, 8EI,urLo, of the tri-linear bounda¡y, parameter Q. = M.LJ8EI'. Fha11y,

because curve fitting tests have delnonshated that the accuracy of the fit is insensitive

to the value of Richald-Abbott palametel'n, it is convenient to use n = 2.6, the ratio of

the slopes of the initial and seconcl segments of the tri-linear boundary. Similarly, it can

be shown that the rigid - serni-rigid boundaly for connections in blaced frames can be

representecl by a Richald-Abbott function with the paÌameters:

M"=Mp

SP=0

Q" = MpL/258I¡

n = 7.

For partial shength corlnections, M. and Q" ale prorated appropriately. Fig 3.3 shows

the EUROCODE3 full sÍerÌgth connection classification boundaries with the

col esponding Richald-Abbott functions supelirrposed.
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CHAPTER 4

ANALYSIS OF FLEXIBLY CONNECTED FRAMES

4.1 Modelling of Structure and Loading

4.1,1 Structure Idealization

For the purpose of rnodelling the sEucture and loading, two types of right hand

coordinate system are used. A single global system, with veltical and horizontal axes,

is used to expless all joint coordinates, all joint loads and the computed displacernents

of a1l joints. Any load or clisplacement vector expressecf in the global coordinate systeln

is iclentífiecl by a prirne. For example, Dr' is a clisplaceÍnent vector atjoint J, expressed

in the global systern.

Each rnember is assumed to have a cli¡ection and a local coordinate system associated

with it. Fol example if member AB has a dilection from A to B, its local X,-axis is

coincident with the member axis ancl its X, and X, axes coincicle with the plincipal axes

of the cross-section. All rnember' loadings and end forces are expressed in the

applopliate local cooldinate systelns. Any force or displacernent quantity expressed in

a local system is identifiecl by the absence of a prime. For example, Pu is a folce vector

at point B, expressed in a local system,
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The structure is cornposed of a rectangulal layout of beams and colur¡ns plus optional

blaces. All floors ale assumecl to act as rigid diapluagrns in lesisting in-plane forces,

while the floor beams provide their non¡al stiffnesses iu resisting out-of-plane forces.

Cor-nposite action botween the beams and the floor diaphlagm is not considered.

The bearn-to-colum¡ connections are associated with the beams and accounted for in the

beam stiffness matrices and fixed-end-force vectors. The connections are assurned to

have negligible size as compalecl to the lengths of rnembels. Furthelmore, they are

assumed to permit no clirect sheadng defonnation, axial deforrnation or torsional

cleformation. Since the floor diaptu'agrns are assurned to be rigid in plane, the

stiffnesses of the typical connection with respect to clisplacement components in the

plane of the floor are assurned to be infinite. All joints are assumed to 1ie at floor level.

The entile sf,uctule is assumed to be lineally elastic except fol the connections, which

are assumed to behave r.ron-linearly even at working load levels. Consequently an

itelative procedure, in which the non-linear counection stiffnesses are linearized and

modifiecl i¡ successive cycles of lineal analysis, is ernployecl.

4.1,2 Column Stiffness Matrix

The typical column is rnoclelecl as a line element with er.rd fotce ancl clisplacernent

cornponents as shown in Fig. 4.1. The stiffness rnatrix expressed in the local system can
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be resolvecl into two confiibutions. Thus

K= K t)+ Kc I4,IJ

where

Kn =filst orcler elastic stiffìiess r¡atrix, and

K. =geornetric stiffuess lnaûix, tvhich accounts fol the effect of the axial

force P or.r the bending stiffnesses of the rnernbel.

Furtherrnore, the stiffness matrix can be expressed in partitioned forrn as

[".]=l**,^l[", I
L", J lK"u K"" _llr, l

where subscripts U and L refer to the joints at the upper and lower encls of the column

respectively. In Eq. 4.2,

Pu = I Pu,, Puz Pus 'nu, ^u, 
mu, )'

and

P" = | P", P"z P"s 'n"t 
m", m", f' 14 ' 4)

are the folce vectors at the upper and lower encls of the column, and

Du = [ ôu, ôu, õu, 0u, 0u, 0u, l'

D, = | ðr., õr, ð", 0r, 0 ", 0 

", f'

(4.s)

(4.6)
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a1e the displacement vectors at the upper and lower. ends. Al1 of the above vectors alo

expressed in the local coorclinate systelìl for the colurn.

It cau be shown (Ang & Molris, 1984, Chen & Lui, 1990) that in the partitioned

stiffness matl ix
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where,

Ir = to¡sion constant for the colulnn

Iz = second moment of area about closs-sectional axis X2

I¡ = second moment of area about cross-sectional axis X3

E = moclulus of elasticity

G = shearing modulus, and

A = membel cross-sectionai area

L = member length

pr = Inember axial force

4.1,3 Beam Stiffness Matrix

Consider a typical bear¡ with linear-stiffness, flexible connections at A and B, as shown

inFi,g.4.2. Because the bearn is assumed to be bonded to the floor diaphragm its axial

and horizontal shearing forces and deformations ancl its bending lnoment and cutvatute

about vertical axes are assumecl to be negligible. Thus only 3 degrees of fi'eeclom neecl

be considerecl at each encl of the bearn, ancl the stiffness lnahix for the beam plus
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connections, expressecl in the local cootdinate system

equation.

where

ancl

D. = [ ô.- e.. e.. I'

ale the melnbel end displacernent vectors.

is definecl by the following

(4.11)

(4.12)

(4.13)

14.1"4t

(4.1s)

I o" I [o"" ,,", ï r" Itt=ttt
L + I lx^u x^^ lnu )

ancl

P, = I p", ^r, ^r, l'

p =l^ - - lî
L YAI"A t"'At J

are the membe¡ end force vectors at ends A ancl B respectively, and

D" = | ôu, 0"' 0", ]t

It can be shown (Ang and Monis, 1984) that the subrnatrices of the paltitioned stiffness

rnatrix for the bearn plus connections can be expressed as follows.

Ir, o -szl
K"r=10 ,93 0 

|

l-sz o s4 )

(4.L6)
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l-st
I

K"o = | 0
t^^
LÞZ

(4.r1 )

(4.18)

(4.19J

o -.ss.l

-s3 0 I

o s7l

(Ku),

n.^=lî å ïl
lss o sol

st= a2 E-^r 
þ,

sz= 6 Er ß^

G1"

L

^. AEr ^,52¡=-ll_

ss= 6 Er ß^
L2'"

se= AEr 
B .

s7= 2Ez 
U

L
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p=

Ê,=Þrr.- "'!?f") r

F,=Þt.2ålt

ß"=ß {1* 2Er)
ò.1r

Ê.=Ê tr. åff I

Ê,=P rr.#r

In the above expressions, So and Su are the iinear stiffness coefficients for the

connections at A ancl B respectively. While they vary with changes in load, in the

iterative procedure used in this study for a given linear analysis the connections are

assumed to have constant stiffliess.



4.1.4 Assembly of Structure Stiffness Matrix

When forr¡ulati¡g the sÍucture stiffness rnatrix the columns and beams are consideled

in tuln and their contributions are computed ancl incorporated. The rner¡ber stiffness

coefficieuts are evaluatecl, applopliately tlansformed to the global cooldinate system and

then addecl, in the appropriate locations, to the stlucturo stiffness mahix. Becauso of the

assurnption that the floors act as rigid in-plane diaphragms, the troatment of columns is

diffelent fiorn that of beams, and a r¡astel-slave joint procedure is usecl to ¡ninimize the

numbel of deglees of freedom.

Consider a typical column element UL between two floor cliaphragrns, as illustlated in

Fig.4.3. The end displacement and end force vectors can be paltitioned into out-of-plane

sub-vectors and in-plane sub-vectors. Since the floor at each level is assumed to be a

rigid in-plane diaphragrn in resisting the in-plane forcas, the in-plane for.ces and

displacernents for each colurnu can be translatecl fiorn the column ends to a comÍton

"rnastel joint" in the floor diapfuagrn. The joint frotn which the in-piane components

ale Íanslated is refenecl to as a "slave joint". In Fig 4.3, the mastel joint in the floor

at the upper encl of the column is designated V and U is a typical slave joint at that

floor Ievel. As showu in the figure, lnaster joints V and M lie on a comrnon, arbih.atily

locatecl vertical axis in the floors at the upper ancl lower ends, respectively, of the

colulnn. The force and displacement vectols P' ancl D', acting at the upper and lower

encls, carì be partitioned irito in-plane anrl out-of-plane colnponents. Thus the force-
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displacement relationships for the colurnn are

Pl"
p(,t

Pl"

rMi

xlu xl- xt" xl*ll nL
x(" x(" x(". x(^ ll rl'l (4.2a)
Kl., K!.n x/, xfill ol.
rl, r!* xL xl^ll ol,,

In the Eq. 4.20, subsclipts i ancl o refer to in-plane and out-of-plane componeuts,

respectively. The stiffness submahices relating out-of-plane force and clisplacernent

components have the folrn

K!, = RK.. RrLLoô \4.2TJ

R = rotation transformation from the column local systoln to the global

systern and

Krr." = local system column stiffness subr¡atrix relating out-of-plane

force and clisplacement components at L.

Similady, these relating in-plane force and displacernent colnponents have the forrn

Kfaa=T*Kr"rrTf¡ (4 '22)

Tur = colnbined [otation-h anslation hansfonnation ma[ix from column

local system at L to global system at M and

K.r,, = local systetn colurnn stiffness submatrix lelating iu-plane force
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and displacement colnpollents at L.

Finally, the stiffness submatrices lelating in-plane to out-of-plane force and displacer-nent

quantities have the form

K/a=T*K"rro?r (4.23)

whele

Kr,r,o = iocal system colurnn stiffness subrnaflix relating in-plane force

components to out-of-plane clisplacement components at U,

4,1.5 BeamFixed-End-ForceVectors

The structure can be analyzecl for two clifferent types of loading - glavity loacling ancl

horizontal loading. The gravity load rnay be applied as bearn loadings, as joint loaclings

or both. Joint loads are expressecl in the global coorclinate system while beam loads,

which rnay be either uniforrnly distlibutecl ot a series of concantlated loacls, are

expressed in the local coordinate system. Horizontal load is expressed in the global

coorclinate systerî, as a three cornponents vector applied at the lnaster joint at each floor

level.

The beam loacling types are illustratecl in Fig. 4.4. Assuming the bear¡s to be bonded

to the rigid in-plane floor diaphragms, the fixed encl force vectors fot the typical bearn

with end connections are the following. Unclel unifolnly distlibuted load

66



(4.24)

(4 .25)

where S¡, S, and S. ale as defined

uniforrnly distributed ioacl.

tho htensity of the

Similarly under a single concenfiated gravity loacl located as shown in Fig.4.4,

r r l- r,a r1l_s^l ¿r*rr)l
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where p, a and L ale as shown in the figure.
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4.2 Modelling of Connection Behaviour

Tests of common beam-to-column connection types under sevelal cycles of load reversal

reveal lnoment-r otation behaviour sirnilar to that illusüated in Fig. 2.3. That behaviour

has been rnodelled by five separate functions, as illustrated in Fig. 4.5, all delived from

the Richard-Abbott function.

The initial loacling curve is rnodelled by the Richard - Abbott function (function 1), and

expressed as.

M= soö t (4.28\
(1.1(+-õk)ôt")

In the event of a rnoment ¡eversal at point "a" on the curve, the following linear'

lelationship (function 2), with a slope of S., is invoked.

M
M=s. (Q -Q"+r--: ) (4.29)

Function 2 is assurned to be applicable until at point "b" it intersects a line through

point "o" with a slope of Sn. The value of rnoment at poiut b is explessed as follows:

.lt

(4.30)
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If tho moment leversal continues, a clouble mirror image of the Richard-Abbott function

(function 3) is applicable. It is expressed as

Þe
ã1-

It is used until the molnent again reverses, say at point "c", after which the following

lineal function, (function 4) with a slope equal to the initial-loading slope, is applicable.

(1+ | (o-L - -g¿- ) (0-ôr) l") ì

MM
M=S (tt-6t +tl + --1+ ---i )ò¡

The moment value at point "d" is expressed as follows :

Sö-Sö_M_M
M _ .'ta
"cJ-------?-

,5¡,

u=s"(ö-0¡) t

¡1=s" (g-S¿) t

* 
ftr 

**u (4 . 31)

l4.32)

(4.33)

,lt *ro t4.34t

Finally, if the moment continues to increase in the origínal direction, function 5, the

Richarcl - Abbott function, displaced from initial point "o" to point "ci", is applicabte.

It is expressed as

(1.1(+-#) (ô-oo) l")*

The connectiou rnolnent-rotation behaviour cau be generatecl in either of two ways. For

bolted-bolted double web angle connections, functions based on test data and explessed

in tenns of the connection geomefic parameters (angle thickness and depth, bolt gages,

etc.) have been built in to the plograln (Attiogbe and Monis,1990). Using them the
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connection geometric parameters are input and the noment-rotation functions a¡e

generated automatically by the prograrn. Similal functions for other connection types

are yet to be cleveloped.

Altelnatively, the Richard-Abbott parameters, M", Q- Sn and n for any connection M-Q

cuÌve can be input directly.

4.3 NonJinear Analysis Procedure

4,3.1 Analysis for Single Loading System

The stiffness rnatix fol the typical colurrn includes coefficients which valy with the

column axial force. That for the typical bearn, with its associatecl end connections,

includes coefficients which depencl upon the connection mornents. As a lesult, the

elernents in the structure stiffness mahix, which is for¡necl by superirnposing the bearn

and colurnn stiffness r¡atlices, depend upon the internal forces in the sûucture.

Accordingly, an iterative analysis procedure involving repeated cycle of linear analysis

and stiffness modification, is lequi-r'ed. In the iterative procedure, lineal beam-plus-

connectiou aud colutnn stiffnesses are evaluatecl which are consistent with the nonlinear

force-deformation behaviour of those mernbers. Thus for a given loacling system tho

final linear analysis gives the correct displacements and internal forces for the nonlinear

sfiucture,
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The procedure can be demonstlated with reference to the typical connection moment-

rotation diagram shown in Fig. 4.6. The nonlinea moment-totation function for the

counection is explessecl as

tt=r @) (4.3s)

where f(Q) is a nonlinear function of the rotational cleformation of the connection. This

function is initially replacecl by a linear one of the forn

M=s'Q (4.36)

whele S, is the slope of the initial tangent to the M-Q curve. The morîent-rotation

functions for all other connections in the structure are similarly linearized, the

corlesponding member folce - displacernent relationships are determined, ancl a linear

analysis is perfolrred. The moments at all conr.rections are then computed. If the

Ínoment at the connection originally considerecl is M,, the corresponding rotational

defolmation is

t,=åo (4.37 )

However, the rotation, Q, , can be calculated frorn the cot¡ect nonlinear relationship

M=f rtl\ (4.38)

A bettel approximation to the connectiorì lnoment - rotation functioll is thus,

M= SrQ l4 .39 )

where
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M.
z 

þ/1

(4 .44)

The equation above and sir¡ilar relationships for the other connectioììs ale then used to

calculate the new member force - displacement relationships and a seconcl linear analysis

is performed. Because a smaller stiffness has been assumecl for the connection

considered, its moment is leduced to Mr. The conesponding rotational clefonnation is

Qr. Howevel, the nonlinear M-Q function yeilds a loøtional clefolmation of Qr'. It is

used to cornpute a new stiffness, the stiffnesses of all othel connections are similarly

modifiecl, and a thilcl lineal analysis is perfonned. The proceclure is repeated untii the

l'otational cleforrnation ofeach connection, calculated ftorn the lineal lelationship for the

current cycle, is sufficiently close to the nonli¡ear relationship of the exact nonlinear M

-Q function. The sfiuctural forces and displacements calculatecl in the final linear

analysis cycle, which colrectly account for the nonlinear connectiot'ì behaviour', are then

printed.

4.3,2 Analysis for Sequential Loading Systems

The itelative analysis ploceclure is described with lefelence to the moment-rotatiou

cfiagram fol a typical connection, as shown in Fig. 4.7. For the fi'st loading systerr-r,

function i, expressed by Eq. 4.28, is selected automatically fol each connection.

Repeated cycles of lineal analysis ancl counection stiffness rnodification ale pelformed

until the lnornents and rotational cleformations at all connectioris correspond to points

72



oÍì theil lnornent-rotation cu¡r'es. Assuming that for the connection considerecl that poiìtt

is "a" in the figure, the connection secant stiffness is S",. The connection moment, Mo,

and rotation, Qo, are stored, along with those for all othel connections.

Fol the second loading system, an initial linear analysis is performed using the

connection secant stiffnesses from the plevious loaciing system. The moment increIrrents

at all connections are then evaluatecl in order to determine which connections experience

increasecl moment uuder the new loacfing and which experience decreasecl rnoment. If

the lnoûìent increment at a particular connection has the sarne sign as M", function I is

retained, othelwise function 2 is invoked. Repeated cycles of liuear analysis uncler

loading system 2 are perforrred in orcle¡ to evaluato llew secant stiffnesses

corresponcling to points on the M-Q cliaglams. For the connection considered, assuming

that function 1 is retained, the secant stiffness for the second loading system is S, and

the curnulative connection lnolnent and lotational deformation are M, and Q¡. All

connection lnoments and rotations are again recorcled,

Assuming a lnoffrent revelsal at the connection considered undel loading system 3, the

connection secant stiffness under subsequent loadíngs a:e Sr,, S¡a, Srr, etc. The

procedure is repeated until all loacling systerns have been applied. No rnatter which

functio¡r is invoked, the secant stifflless for the current iteration cycle is evaluated in

terms of the following equatiou.

whele
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s"",..,,,, ( 4 .4L\

^M 
= rno¡nelìt increment under cu[ent loacling system, ancl

ÂQ = rotation incrernent under current loading systeln.

That is, a secant stiffrress is always used.

4.3.3 Evaluation of P - Á Effects

The P-Á effect calculation can be performed in either of two ways. The effect can be

calculatecl using the iterative proceclure recommended by the Canadian Stanclalds

Association (CSA, 1989). Altelnativeiy, the load control Newton-Raphson rnethod can

be used to account for both the P-Â and the P-ô effects, In tho latter approach, the

loacling is applied incrementally. The defonned configuration of the sÍucture at the encl

of each cycle of calculation is used as the basis fol'the for¡nulation of the equilibriurn

equations fo¡ the next cycle. In a gíven analysis cycle, the sh'uctule is assurned to

behave linearly. The procedure is explained with reference to the loacl-displacernent

cliagrarn iu Fig. 4.8. The steps colresponding to the application of the typical load

inclernent ÁQr', are the following.

i) Apply the typical loading increment ÁQ, 0

ii) Perfolm a lineal analysis to cornpute the incrernental joint

clisplacements,ÂD,'r,using ÁQ,'o = K,., AD,'r, where K",-, is the structure

_ At'r
z-6
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stiffness matrixat the beginning of the loading incrernent.

iii) Compute the vector of joint displacements, D',r = D'r.r + AD'il

iv) Cornpute the member encl forces, and using equiliblium equatious at

al1 joints, cornpute the lesiclual joint loads, AQ',t, the portions of the

joint loacls ÀQ',0 that are not equiliblated by the internal folces.

v) Compute a new structure stiffness rnaEix, K",r' basecl upon the

displaced position for the joints.

vi) Apply the residual joint loads, ÂQ',r and perforrn a new linear

analysis tocornpute new incremental joint displacernents ÂD',2, ancl

upclate the cumulative displacement vector'.

vii) Repeat steps iv),v) and vi) until the residual joint loads are negligibly

small. The process is repeated until convergence occurs, at which tir¡e

the next load increment is applied.

In the load control Newton-Raphson method, the unbalanced joint folces depend upon

tho interactive relationship between the deforrned geomeÍy of the structure and the

external loads acting on it. Under non-propot tional loading, glavity load and lateral load

rnay be applied sequently and tho doformation of the structure induced by the laterat

load is independent of the gravity load. As a result, the load connol Newton-Raphson

approach can not be used dilectly when non-proportional loading systelns ale involved.

In this study the rnethod was used for proportional loaclings only. The convergence of

both the CSA iterative lnethod ancl Newton-Raphson rnethocl are lapid, usually requi-rÌng
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only one or t\¡/o cycles of iteration.
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Fig 4.4 Positive Direction of Beam Load

Fig. 4.5 Idealized Mornent - Rotntion Diagram
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Fig. 4.6 Modification of Connection Flexibility



Fig.4.7 Idealized Moment - Rotation Diagram for Sequence Load



F ig. 4,8 Load - Displacement Diagram



5.1

CHAPTER 5

NONLINEAR ANALYSIS COMPUTER PROGRAM

Introduction

A structural analysis FORTRAN microcornputer program, FLEXMAIN, was cleveloped

in this stucly. The ploglarn performs the stluctural analysis of three-climensional,

flexibly connected rectangulat steel fi'alnes loadecl by any number of sequential, non

proportional loacling systems. The sflucture is assumed to have rigid in-plane floor

diaphragms at all floor levels and bracing bays rnay be incorpolated on any colurm line.

The progran-r is able to account for tho lnoment versus rotatiolìal-defonnation behavioul'

of the bearn-to-column connections.

The nor.rlinear connection M - Q behaviour undel either rnonotonic 01' cyclic loading can

be mocleled using a Richald-Abbott function and functions derived frorn it. The

connectior.r M - Q behavioul can be developed in eithel of two ways. For double web

angle connections, a standaÌdized version of the Richard-Abbott function and its lelated

functions have been incorporated. The star.rdardized function, whích was obtained by

curve fitting all available experimental M - Q data, is expressed in teir¡s of the

geornetic palanetels which influence tho connection behaviour. Thus, for double web

angle connections, it is necessaly only input the connection geornetric parameters and
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the M - Q functions are generated automatically.

For other connection types, it is necessary to input the four parameters which define a

Richarcl-Abbott M - Q curve. Those paralnetels can be estirnated by reference to a

connection classification system, as described previously. Alternatively, if experimental

M - Q clata are available, a Richard-Abbott function can be fittecl to theln using a

proglarn developed by Attiogbe ancl Morlis (1991). The Richarcl-Abbott parametels thus

obtainecl can be input. Finally, any beam-to-column connection rnay be assumed to be

rigid, to have a flexural moÍlent release, or to have any linear flexural stiffness. All

column bases are assurned to be fixed.

Either gravity loading or horizontal (wincl) loading can be accommocfated. Gravity loads

rnay be applied as joint loads or as eithel uniforÌ y distributed ol concentlated membeL

loads. Horizor.rtal loading is applied as a ttll'ee-component vector at the mastel node at

each floor level.

Fol a given loacling systern, the program performs lepeated cycles of lineal analysis and

connection stiffness rnodification in ordel to evaluate a lineal secant stiffness fol each

connection such that rnolnent ancl rotational cleforr¡ation colnputod in the final linear

analysis couespond to a point on its nonlineal M -Q diagram. Thus, the final Linear

analysis yields the correct shuctural dispiacements and internal folces. The iterative

analysis proceclule is repeated for each new loacling systen.
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Using the load conuol Newton-Raphsorì methocl (Chen ancl Lui, 1991), the program

account fol colur¡n P-Â effects. Alternatively, the program incorpor-ates an itelative

proceclure (CSA, 1989) to account approxiurately for the P - Â effects. As well, the

effects of the colurnn axial folces on theil axial stiffness (the P - ô effects) are

incorporated.

A flow diaglam for the program is presented in Fig. 5.1

5.2 Data Input

Data input is interactive and the program is reasonably "user friendly". Thus the user

is prompted for the rÌecassaÌy input, sorne data checking is done as the inforrnation is

being input.

The first block of data describes the type of analysis desiled. Eithel a single linear

ar.ralysis or an itelative nonlinear analysis rnay be specified. For the former', linear'

stiffnoss values for all beam-to-column connections must be input. For the latter, the

useÌ lnust input the data ueeded to pelmit the generation of the connection firoment-

rotation functions. Next, the number of sequential loading system is specifiecl. For a

single rnouotonic loading system, that nurnber is one. Finally, the user may specífy

eithel the approxirnate itelative proceclure or the "exact' Newton-Raphsou procedure to

account for columi P - Â effects.
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The second clata block plovides a description of the structure. The SI systern of units

is usecl throughout. The following data must be input:

a) the number of bays in each of the horizontal directions, X'r then X'2;

b) the number of stoleys;

c) the bay widths, in rneters, irl each holizontal direction, X'r then X'2;

cl) the storey heights, in lneters, bottom stoley to top

e) the X', and X, coordinates, in lneters, of the rnastel nodes at the flools;

f) fol each bearn ancl columr, the torsion constant (in runa), the second rnoÍrent

of area about the member X, axis (in rnma¡, the seconcl moment of area about

the melnbe¡ X, axis (in rnma) and the cross sectional area (in mr¡2);

g) the numbel of braces ancl the nurnber of braced fuames.

With the above infolmation, the nurnbering and global cooldinates of all joints, the

topology of the structure (the intelconnectivity of all mernbers and joints) and the

nurnbering ancl stiffness matlices for all rnembels are generated automatically.

The thild data block provides a description of the bracing elements. Closs bracing

eìements are numberecl fioln the top floor to the bottom floor, ñ'om one bracecl bay to

another'. Each braced bay is defined as a bay having a cross-bracing elernent from the

top floor to the bottorn floor in that bay. The following data must be input.

a) the bracing element number;

b) the joint nurnbel at the lowel and upper ends;
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c) the bracing element cl'oss-sectional area, in mrn2.

The fourth data block provides a description of the loacling systems. For each loading

system, the following data are requilecl.

(1) Joint load (concentrated) :

- the loadecl joint number;

- the load con-rponent in X,' or Xr' direction;

- the load comporrents in Xr' ol moment about X,' clilection;

- lloment about Xr' or X,' dilection.

(2) Beafir concentratecl loacl :

- the beam membel number';

- load components in Xr' dilection;

- the distance of the force ffom the start of the beam.

(3) Bearn unifolmly dis¡ibuted load :

- the beam rnernber nurnber;

- uniforrnly dishibuted load in the Xr' direction.
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5,3 Lineal Analysis

The stiffness method is usecl to perform the lineal analysis. The proglam ernploys an

in-core, constant band width equation solver. Because of syrnmetry of the structure

stiffness matrix, only the elenreuts below the main diagonal are sto.r..ed, as an one-

dimensional array. The bearn stiffness coefficients, which incorporate the effects of

flexible connections at the euds of the beams, ale recalculated each tir¡e they are

neecled. The rnernber fixed-encl forces ale also clepenclent on the connection

characteristics and thus they are recalculated for each linear analysis.

5.4 Program Output

The ploglam output includes the following inforrnation.

a) a summary of the input, including the analysis type (linear or nonlinear)

and associated assumptions, the stluctural geomehy and member and

connectioll ploperties, and descriptions of the loacling systerrs consiclered.

b) inter¡necliate analysis results, including the Richarcl-Abbott parameters

used to replesent the M - Q functions for all connections, conlìection

molnents and lotational clefolr¡ations and the curlent M - Q functions

following the application of each loading system, aud the cumulative
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joint displacernents and rnembel end forces following the application of

each loacfing systern; and

c) final analysis results, including the final joint displacements and member'

end forces, final connection r¡orneÍìts ancl rotational cleformations, ancl a

sur-rÌr-rìary of the connection M - Q functions usecl for the final loading

system,

The user has the option of suppressing the inten¡ediate results.

5.5 TerminationCriteria

Because of the nonlinear behavioul of the connections the load-deformation behavioul'

of the shuctule is nonlinear'. Consequently an iterative analysis procedule, which

involves repeated cycles of lineal analysis, is used. In each cyclo terms of the stiffness

rnatlix arc updated usiug the latest information obtained from the plevious cycle of

iteration. The convelgence cliterion compares all connection rotational deforrnations

obtained in the current cycle with those obtai-necl from the Richarcl-Abbott function. If

the diffelence is less than a specified tolerance for each connection, convelgence is

assurned to have occulled. Thus, the convelgence critelion for each connection is

wrítten as
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r a'r,a'l 
='

(5.1)

where

0r= connection rotation obtained fi'orn the cun'ent linear analysis

Q.= connectiou rotatiou obtainecl frorn the non-linear Richarcl-Abbott function

e = tolerar.rce lin-rit

The itei'ative calculatior.r is needed also to account fol the P-^ and P-ô effects, because

fol a seconcl-oldel analysis the equilibrium equatious are formulated with respect to the

cleformed geomef,y of the structure. That georneny is not known in advance and is

constarltly changing with the applied loads. The deforrned configuratlon of the suuctur'o

at the encl of each cycle of calculation is used as the basis for the fonnulation of

equiliblium equations for the next cycle. The element encl folces fol the current cycle

ale calculated using upclated element encl clisplacements. They are then comparecl with

those which were calculatecl from the previous cycle, ancl the unbalanced forces for ali

elernents ale calculatecl from :

Âp=Ã;-Ã;_r

where

ÀQ = unbalanced force vector

\ = r¡ember end force vector of current cycle

\.r = rnernbel end force vector of previous cycle

Thus the conver'geuce criterion for each mel¡ber end force can be written as

(5.2)
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l^ol<' (s.3)

where e = tolerance limit
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Fig. 5.1 Continued
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CHAPTER 6

SENSITIVITY STUDIES

6.1 lntroduction

In this chapter, 5 examples ale plesentecl to illusfate the operation of the analysis

prograÌn and the effects of connection behaviour on several aspects of frame behaviour.

Examples have been selectecl which involve sirnple structures and loaclings, but which

iliusfiate the significance of connection defolr¡ation and the validity and capabilities of

the analysis ploglam. While the proglam analyzes tln'ee-dirnensional f¡ames, for the

sake of sirnplicity they are representecl hele as two-dimensional ones.

6.2 Validity of the Analysis Program

Example 1

To velify the accuracy of the analysis procedule irnplernented in the program

FLEXMAIN, the pimred-base, unbraced plane frame shown in Fig. 6.1 was analyzecl,

under four diffelent loacling sequences, each culminating in a 42 kN/rn uniforrnly

dish'ibuted bearn load, which was subsequently removed and the sh'uctule re-anaiyzecl

to evaluate residual effects. For the first loacling sequence, fhe 42 kN/m load was

95



applied in a single step. Next, it was applìed in 3 steps of 14 kN/¡¡, then in 6 steps of

7 kNÁn and finally in 12 steps of 3,5 kNÁn.

The rnornent iesistarìce of the bearn-to-colurnn connections was assurned to be

approximately 55 percent of the bear¡ Mo value and thei¡ initial stiffness corresponded

to the EUROCODE 3 rigid semi-rigid boundary. Their M - Q behavioul was replesented

in terms of the Richarcl-Abbott function, with the followi-ng palameters.

Mo=o . 544Mp=r7 3 . 25 kN/ n

FT
S t=25 aD =93OOOKN. n/ rad-Lb

. M^ 1?? 2q
ö^= ___y = ''''-- =0.00186'" si 93000

sp= o

The M vs Q plots for the bealn-to-column counections fol the four loading sequences

are showrÌ in Fig. 6.2. As expected, the connectiolÌ M and Q values and the fi'ame

displacements ancl internal forces undel full loacl and aftel load rer¡oval were found to

be independent of the number of loacl steps. The Richzud-Abbott function representation

of the M-Q behaviour, which is not plotred, is the envelope of M-Q points on the

ascending branch of the curves. The residual connection lotational deformations of
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0.00369 radians following load rernoval were consistent with the computecl residual

lnomenf of 11.2 kN m in the beam.

This exarnple confimrecl the ability of the analysis program to trace the nonlinear

behaviour of the connections and compute the same shuctual forces and deflections

regaldless of the proportional loading history.

Example 2

The fi'arne in Fig. 6.1 was next subjected to the following sequence of loadings :

1. factored dead plus live gravity load of 28 kN/rn or.r the bearn ;

2. wiud load of 46 kN at roof level, applied to the right ;

3. wind load rernoved ;

4. wincl loacl applied to the left ;

5. wincl load removed ;

6. gravity load removecl.

The beam bending moment cliagrams and the holizontal dlift subsequent to each loading

application aLe shown in Fig. 6.3. For cornparison purposes the results for a similar

rigiclly connected flame are shown in squale blackets in the figure.

At all loadirg stages with the gravity load in place, the bearn static rnomerìt, wLzlS =

350 kN rn, was uraintainecl, as it rnust be. Fol the flexibly connected frame, during the
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cycle of wind load revelsal the bearn end moments leduced fiom 89.5 to 80.8 kN m,

indicating the shakedown effect. Following the removal of all load, the constant beanl

bending moment of 11.8 kN m reflected the inelastic deformation of the connections.

The residual drift of 7 rnm following removal of the wincl load resulted ín recluced drift

(45 mrn) under the levelsed wind load.

Comparison of the rnoments for the flexibly-connected and the rigidly-connected frames

shows that the bearn mid-span rnornent for the former were 6 percent lalger than for the

rigid fiame, the connection Íroments being correspondingly srnaller. The initial wind-

loacl drift of the flexibly conuected frame was 18 pelcent larger than that for the rigid

frame.

The M and Q values for the left and right flexible connections, clesignatecl L ancl R, at

all loading stages (points 1 tlu'ough 6) are shown in Fig. 6.4. Under glavity ioacl, the

moments at both connectiorìs were 89.5 kN m (points L1 and Rl). With the application

of wincl load to the dght, the rnolnent at tho left connection clecreasecl, while the light

connection experiencecl incleased moment (L2 and R2). Upon removal of the wincl load

the connection moments were again equal (L3 and R3). Then wíth the wind applied to

the 1eft, the conuestion moment magnitudes, indicated by L4 and R4, apploximately

reversed fi'om those at point 2. With the removal of the wincl loacì, the connection

n'roÍrents again became equal (L5 and R5), and when the gravity load was removecl

equal residual connection mornents of 11.8 kN rn (L6 antl R6) rernained.
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6.3 Effect of Connection Behavioul on Lateral Force Distribution

Exarnple 3

A three-bay, thlee-story braced fiame sirnilar to one considered by Zarcnba (1986) is

shown ùr Fig. 6.5. In order to examine the effects of connection behaviour on the

intemal folce disüibution, the frame was analyzed under the following four factored load

cases

1, dead load plus gravity live 1oad, shown in Fig. 6.5;

2. deacl load plus a checkelboard pattern of gravity live load, shown in Fig. 6,6;

3. simultaneous glavíty load plus wind load fol both full and checkerboard gravity

loading; ancl

4. sequential gravity load and wind load.

The Richarcl-Abbott function was used to rrroclel the connection M-Q behaviour- of the

paÌtial-sbength beam-to-column connections, with molnent resislance of 60 percent of

the beam Mn and the following EUROCODE 3 stiffness characteÌistics:

1. perfectly rigicl;

2. on the boundaly between the ligid and serní-rigid classification, with the followíng

of Richard-Abbott paral¡eters

loof bearns:

M.=719 kN m, 00=0.006626 :ta.d., n=3.26, Sn=0 kNrn/racl.
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flool beams:

M"=1001 kN m, Q.=Q.QQ$4'7 nd., n=3.28, Sp=0 kNrn/racl;

3. at the miclclle of the senri-rigid classification, with palarneters as above except

with M" values reduced by 50 pelcent; and

4. on the serni-rigid nominally-pinned boundary, with the following parameters.

roof bearns:

M"=3.92 kN rn, Qo=0.000556 rad., n=l, Sp=6550 kN rn/rad.

flool beams:

M.=7.072 kN m, 00=0.000735 rcd., n=1.7, Sp=9555 kN r¡/rad.

The beam and column end molnents for the full-loading and checkerboad-loading cases

and for the thù'ee sets of connection behavioul ale surunalized in Fig. 6.7 and Fig. 6.8

respectively. It can be seen that the connection M - Q characteristics hacl a very

significant effect on the member encl mornents. For the full gravity loacl case, the beam

end rnoments for the flexibly connected frames averagecl 79,62, and 20 percent of those

for the ligid frame, the lalgel values conesponding to the stíffer connections. The

corresponcling values for the exteliol colunr¡s werc 92, 80, and 28 percent. Under deacl

load ancl a checkelboard pattern of live load, sir¡ilal moment differences occurred.

These results suggest thât it may be grossly unconservative to under-estimate connection

stiffness and thus the rnornents tlanslnittecl to the colulnns in a braced fi'arne.
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6.4 Effect of Connections on Frame Lateral Driff

Exarnple 4

The 11 stoly unblaced frame shown in Fig. 6.9, which is similar to or.re considered by

Ang and Molris (1984), was analyzed uncler proportional and then sequential gravity and

wind load. Separate analyses were performed assuming rigid bearn-to-column

conÍìectiolìs, then full süength coluections whose M-Q behaviour was on the boundary

between the EUROCODE3 rigicl ancl serni-rigid classifications. The Richard-Abbott

function was used to model the connection M-Q behavioul of the full-snength

connections, and the Richard-Abbott parameters usecl were

- bounduy between the rigid and semi-rigid classifications:

M"=933 kN m,00=0.002123 l¿d, n=2.16, Sp=0 kN m/rad; and

- middle of the serni-rigid classification:

M"=466.5 kN rn, Qo=0.002123, n=2.16, Sp=o kN m/racl.

For each sÍuctufe and loading, two analyses were performed, the first with P-Â effects

ignored, the seconcl with thern accounted fol.

For the various connection types, loading sequences and analysis assulnptions the frame

clrift at roof level, and the uoirnalizecl dlift, based upon a value of 1.00 fol the rigiclly

connected frame with no P-Â effects, are summarized in Table 6.1 and plottecl in Fig.
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6.9. The rooflevel drifts for the ñ'ar¡es with rigid - serni-rigid and with semi-rigid

cor]neclions were 25 and 117 percent larger than that fol the rigicl frarne. By

comparison, the dlift amplification clue to the P-Á effect was 11, 16, ar.rd 35 percent for

the three fiames. Because full strength connections were used, with the sarne beam size

at all floors, the connection deforrnations were relatively small. Had partial strength

connections been usecl, theil effect on drift amplification would have been larger.

However, even with the full strength connections the drift amplification due to

conliection deforrnation was significantly largel than that due to the P-Â effect.

For the flexibly connected frarnes the dlift under sequential loading was 5 to 15 percent

smallel than that uncler proportional ioacling. A similar phenornenon has been observecl

by Deier'lein (1991).

The fiame rnernbel end lnoments undel non-proportional loading are shown in Fig. 6.10.

The moments of the fi'ame with rigid connections are showu in the first üne, while

nonnaiized lnoûlent (based upon those fol the rigicl frame = 1.0) for connection M - Q

curves on the ligid-serni-r'igid boundary ancl at the middle of the semi-rigid lange ale

in the second and thild lines, respectively.
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Beam-to-Column

Connection Type

Analysis

Condition

Drift at Roof

Level (rlm)

Nolnalizecl

Drift

Rigid No P-À effect 125 1.00

Proportional, P-Á t40 Lt2

Sequential, P-Â 140 1.72

Rigid - Semi-Rigid

Boundaly

No P-Á effect t57 r.26

Proportional, P-À 182 t.46

Sequential, P-Â 1',73 1.38

Serni-rigid No P-Á effect 272 2.18

Proportional, P-Â -1.) / 2.94

Sequential, P-Â 313 2.50

Table 6.1 Effect of Connection Behavioul on Late¡al Drift, Exarnple 4
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Comparison of the mernbe¡ end rnoments for the various connection types ancl loacling

arrangelnents reveaìs the foìlowing.

The beam end lnoments at the leeward ends of the beams iri the rigidly

connected frame were approximately 5 percent larger than those in the

frarne with connections on the rigid-semi-rigicl boundary, ancl 10 to 30

percent lalger than those for the frame with serni-rigid connections. Tho

bearn end lnomol.ìts at the windward ends of the bearns were lelatively

small and enatic.

The colunur encl rnoments at tho leeward side of the rigidly connectecl

frame were approximately 10 percent lalgel than those in the frame with

connections on the rigid-semi-rigid bounclaly and 10 to 30 percent larger

than those for the fiame with serni-rigicl connections. The colurnn end

ûroments at the windward side were again relatively smal1.

It was observecl that for the flexibly connected frarres, the member end

molnents under non - ploportional Ioading were approximately 10 pelcent

slnallel than those undel similar proportional loading.

2.
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6,5 Effect of Connection Behaviour on Column End Restraint

Exarnple 5

To examine the effect of connection behaviour on the end testrailìt plovicled to the

colurnns of a flarne, and thus theil effective length factors, the braced frarne shown in

Fig. 6.11 was analyzed filst assurning conrlections with M - Q curves on the rigid -

semi-rigid boundary, then with ones at the middle of the serni-rigid classification and

finally with ones on the semi-rigid - nominally-pinned boundary. The colresponding

Richald-Abbott paramete¡-s were similar to those used in Example 3.

Column A - B in Fig. 6.1i was considered. The rotational cleformations for the bear¡-

to-column connections at its uppel and lower ends were cletermined by analyzing the

flame. The connection tangont stiffnesses, C, were then computed using the appropriate

Richald-Abbott functions. The effective connection stiffnesses, C-. at the top and

botton.r of colurmi AB were cornputed using Eq. (2.8). In the computation, the cuÌ'Ìeut

tangent stiffuess was used for the connectiou on one sicle of the column, whiie the

unloading stiffness (equal to the i¡itial stiffriess) was used for the connection on the

otherside. Finally, the column end resÍaint factols Go and Gu were evaluated using Eq.

(2.11), ancl the colurnn effective length factors, K were obtainecl from the Julian ancl

Lawrence alignment charts. The analysis results are presented in Table 6.2 for the tluee

sets of connection behaviour consiclered.
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It can be seen fionl the Table that the elld resÍaint factors increased from 0.44 for the

stiffest connection to 1.75 for the rnost flexible one. Correspondingly, the column

effective length factor', K, increased from 0.67 to 0.84. The latter 25 percent inclease

would coruespond approxirnately to a 55 percent recluction in the shength of the colurnn.

Obviously, connection defolnation rnay have a significant effect upon colurrur end

rostraint ancl thus column strength.

In oldel to examine the effect of load level on colurur end reshaint in a flexibly

connected frarne, the frarne in Fig. 6.11, with connections at the middle of semi-rìgid

classification, was analyzecl under full gravity loacl and then ur.rder 50 percent of that

load. The analysis results are presented in Table 6.3. Naturally, because the connection

tangent stiffness becorne smaller as the load increasecl, the column effective length

factor increased. It can be seen, however, that a load increase of 50 percent plocluced

a colesponding increase in effective leugth factol of only 3 percent.
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Qx 10'3 Cxl07 C'x106 Go,Go K

Bouuclary

Rigid-Serni

- Rigid

L8 3.236 15.0 30.'12 o.44 .6'7

19 2.999 15.1 30;72

28 3.28t 15.0 30.72

29 3.023 t5.1 30;72

Semi-rigicl 18 5.582 6.'71 24.38 0.55 .70

19 5.276 6.84 24.58

28 5.651 6.68 24.38

29 5.325 6.82 24.58

Bour.rdary

Serni-rigid

- pinried

t8 r 1.688 0.95s 7.68 1.75 ,84

t9 tl.7 04 0.955 '7.68

28 11.736 0.955 7.68

29 11.708 0.955 7.68

Table 6.2 Effect of Connection on End Restraint, Exarnple 5



QXlo'3 CXlO? c-x106 Go,Gn K

Full Load l8 5.582 6.'.71 24.38 0.55 0.70

t9 5.2'.76 6.84 24.58

28 5.651 6.68 24.38

29 5.325 6.82 24.58

Half Load 18 2.585 /.Õ-1 25.54 0.52 0.68

i9 2.461 '7.65

28 2.615 7.63

29 2.414 '7.65

Table 6.3 Effect of Load Level on End Restraint, Example 5
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Gravity Load

Fig. 6.1 Flexibiy Connecled Frame , Examples 1 and 2
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CHAPTER 7

CONCLUSION

7 ,l Conclusions

In this study, the rnoment versus rotational behavioul of steel beam-to-column

connections unclel cyclic loading has been modelecl using five functions, all derived

fiorn the Richa¡d-Abbott function. Those functions have been incorporated into a

FORTRAN computer prograrn which pelfolrns a nor.rlinear s[uctural analysis of

rectangular, thlee dir¡ensional steel frames loaded by sequential, non-proportional

loading systelns. The plograrn accounts for the nonljnear behaviour of the bearn-to-

colulnu connections by perfonning repeated cycles of linear analysis and connection

stiffness rnodification to anive at line connection stiffnesses co esponcfing to points

on theil nonlinear M - Q curves. The fiual lineal analysis thus yields the conect

displacements and intelnal folces fol the nonline stluctufe. Sequential, non-

proportional loading systerns ale accolÌllnodated by incorpolating the iterative proceduLe

into an iuclemental one in which the applopriate loacling or unloading connection M -

Q functions ale selected for the cunent loading incrernent. The effects of axial folce or.r

the bending stiffness of the coiumns (the P - ô effects) have been accounted fol and

proceclures have been incorpolated to accoul.tt for the translatious of the loads as the

structule displaces (the P - Â effects).
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A description has been presented of the connection classification system which has been

incorpolated into the EUROCODE3 steel design specification as a preliminary design

tool. That systen.r classifies beam-to-column connections in tel.ms of theù' strength and

stiffness relative to those of the bearn that is being connected. The bounclalies between

the connections ale piece-wise linear'. It has been dernonstratecl in this stucly that a

convenient and accurate alternative is to replace the piece-wise linear boundaries by

Richarcl-Abbott functions.

The nonlineal analysis cornputer plogl..atrr has been usecl to conduct sensitivity studies

to detelmine the effects of connectiou behavioul on the behaviour of flexibly connectecl

frames. Those studios sho\ryed that connection cleformation rnay have a significant effect

on the internal fo¡ce clistlibution in a frame. In one example the bean-r end moments in

a bracecl Íì-ame with semi - rigid connections were 38 pelcent smaller thau those ín a

similal rigid frame. Connection clefolmation may also significantly arnplify the latelal

ch ift of a multi-stoley frame. For an 1I storey unbraced ñ'ame, the dlift arnplification

when substituting serni - rigicl connections for rigid ones was 117 percent of the

arnplification due to the P - Â effect. Finally, it has been shown that the flexibility of

the beaur-to-colurnn connections in a fi'ame rnay substantially affect the colurn.r effective

length factors. For a second storey colutÌtÌ1 iri a 3 storey fianre, replacing ligid bearr-to-

colulrll connections by ones with M - Q curves on the boundary between serni-rigicl -

nonrinally - pinned resultecl iri a 25 percent increase in an effective length factor.
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Exarnples have clemonstratecl that for flexibly connectecl frames, the lateral dúft rnay be

at least 15 percent larger uncler proportional loading than undel non-propoì tional

loading.

7.2 Recommendations for Further Study

The cornputer program developed in this study generally requires that the M - Q

behaviour of the beam-to-colurnn connections be input in terms of Richalcl-Abbott

function parametors. Given the culrent stato of the art, the only ¡eliable source of M -

Q data for the valiety of connection types ancl geometdes cunently in use is physical

tests of conuection specirnens. Recently, accurate Richard-Abbott functions have been

fittecl to ahnost all of the expelirnental M - Q clata available in the world. The Richald-

Abbot palarnetels and the corlesponding connection geoÍnetric pararneters for those data

should be iucorpolated into the analysis plogram. It will then be able to sirrply read

the connection types and geoÌneÍies ancl perforrr the analysis.

In a numbel of counfies there have been attempts to effect fabrication savings by

stanclalclizing connection geornetries. A side benefit to such stauclaldization would be

that M - Q data would be requír'ed fol fewer connection geornehies. A survey of

standardization atternpts in clifferent coun[ies shoulcl be cornpaied with the set of

culrerltly-available expelimerltal M - 0 clata in orcler to deteünine what additional

connection testing needs to be done.
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Very few sots of M - Q data are available for connections between steel columns and

steel-concrete cornposite beams. Attempts shouÌd be macle to stanclarclize connections

for cornposite constluctior.r and to perfolm tests on the standard composite conuectiolis,

so that the program can be extendecl to include composite frames.

Further selisitivity studies should be conclucted in orclel to cletermine how sensitive

frarnes of various geornetlies are to variations in connection behaviour'. Such studies

should l'eveal whether counection behavioul warrants being rnodelecl exÍemely

accurately or only slightly more accurately than it has been in the past.
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APPENDIX A

PROGRAM LISTING



C
CSNOARRAYCHECK
CSNOEX
CSNOWA
c {< {<* +x**x*******:** * * x **x x x + * 4(**:* {< * *******+ {:**:*** * {< {<* *+* * *x*x** *
c*
C * FLEXFRM: LINLOADING ANALYSIS OF THREE-DIMENSIONAL
C X RECTANGULAR STEEL FRAMES WITH
C * NONLINEAR BEAM-COLUMN CONNECTTONS

C X PROGRAMMED BY GLEN MORRIS AND JITIAN HUANGc*
c **x+f< * {< * * *+******.*****;** '*,* '*.* *,k:* +*+:t:k*** ****:***** +++**:* * ******:*
cx
C * PROGRAM LIM]TATONS:c*
C * (I) MAXIMUM OF 20 BEAM-COLUMN CONN.
C i: TYPES PERMTTED
C * (2) SIZE OF STRUCTURE LIMITED BY
C X SIZE OF STORAGE POOL A
c{r
c **irt<{<;** '* '* \r**x *{<*{.xxt!***)*)*¡<**r***:**** * * * **t¡*****{<*:******:* }k *,t*:t*x

IMPLICIT REAL{.8 (A-H,O-Z)
DTMENSTON A(27000),USER(40),DSCRp(40)
COMMON ¡PTl NST, NBAY1, NBAY3
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, I.D(M
COMMON ÆBRACE/ NFT. NBF
coMMoN /N4AT/ EM, GM
COMMON /ALOAD/ NLJ, NLMC, NLMU, NLTI, NLT2, NLT3
coMMoN /sECr/ BP(4,20), CP(4,20)
coMMoN /sEcrzl rPQ1)
COMMON ¡IEMPB I/NPRT,NFIL,IPDELT
COMMON /COM1/ NLOAD
COMMON /CON4R/ R,A
LOGICAL SSI,PPY
CHARACTER USER,DSCRP
NLOADTM=1

7 INT=O
RL=0.
CAIL CLSC
WRI'I¡E(+,'III0X,"PRINTED OUTPUT ? YES oL NO:")')
CATL YN(NPRT)

C
C LTNIT 3 = PROGRAM OUTPUT
C

IF(NPRT.EQ.1)THEN
OPEN(3,FILE='PRN)

ELSE
oPEN(3,FÌLE='RESULTS 1.Or_rT',)

END IF
C
C NEW SCREEN, PRINT PROGRAM TITLE AND DESCRIPTON
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c
CALL CLSC
wRrTE(*,'(24,r2.2,4,r2.2,4\)')CHAR(27),'t"5,' ; 

"30,'H'CAIL VIDON
WRITE(+,'("FLEXFRM")')
CALL VIDOF
wRITE(*,1000)

1OO() FORMAT(/gX,' PROGRAM TO ANALYZE RECTANGULAR 'I
2 9X,' THREE-D]MENSIONAL STEEL FRAMES 'I
3 9X,' WITH FLEXIBLE BEAM.TO.COLT,IMN '/
4 9X,' CONNECTONS ')

C
C ASK WiIETHER TO USE OLD INPUT FILE OR CREATE NEW ONE
C

WRITE(*,'(///20X,"IS THIS A NEW FILB? YES or NO:")')
cArL \NOTFIL)

C
C NEW SCREEN

CAIL CLSC
IF(NFIL.EQ.I)GO TO 1OO

C
C IF USING OLD INPT]T FILE GTNIT 2), READ FROM IT:
C USER IDENTIFICATION
C PROJECT DESCRIPTION
C NUMBER OF STOREYS, NST
C NO. OF BAYS IN X-D]RECTION, NBAY1
C NO. OF BAYS IN Z-DIRECTION, NBAY3
C UNITS: IUNITS=i-SI
C P.DELTA EFFECT INCLUDED? IPDELT=I-YES, 2-NO
C MODULUS OF ELASTICITY, EM
C SHEAR MODI]LUS, GM
C

OPEN(2,FILE='STSPEC.IN')
READ(2, 101OXIJSER(J),J=1,40)
READ(2, T0l0XDSCRP(J),J= 1,40)

1010 FORMAT(4OAI)
READ(2,*)NST,NBAY l,NBAY3,ILINITS,IPDELT,EM,GM,NLJ,NLMU,NLMC,NTA,NFT

* NBF,NLOAD,NCOMB,NGEOM
cI-osE(2)
GOTO 131

C
C IF CREATING NEW INPUT FILE, PROMPT FOR REQTIIRED INFORMATION
C
100 WRITE(*,'(//l0X,"USER NAME:")')

CALL BACK(1,3s)
CALL VIDON
READ(s, 101 0XTJSER(J),J= i,40)
CALL VIDOF

120 CONTINUE
WRITE(*,'lll0x,"PROJECT DESCRipTtON:',)')
CALL BACK(1,35)
CALL VIDON
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READ(5,1010)(DSCRP(J),J= 1,40)
CALL VIDOF
WRITE(*,'(//10X,"NLMBER OF STOREYS:")')
cAr_L RD(NST,RL,55)
WRITE(X,'(//IOX,''NUMBER OF BAYS IN X DIRECTION:")')
CALL RD(NfBAY1,RL,55)
WRITE(+,'(//10X,"NUMBER OF BAYS IN z DIRECTION:")')
CALL RD(NBAY3,RL,55)
Wrure1x,'1¡716","NUMBER OF BRACES:")')
CALL RD(NFT,RL,55)
WRITE(*,' l/l 0X, "NIIMBER OF BRACED FRAI,ßS : ")')
CALL RDG\TBF.RI,55)
WRITE(*,'ll10X,"NUMBER OF LOADS:")')
CALL RD(NLOAD.R.L,55)
WRITE(*,'(//10X,"NLIÀ4BER OF CONNECION CONBINATIONS: ")')
CALL RD(NCOMB,RL,55)
WRITE(*,' (//l OX,"FOR GEOMETRIC PARAMETERS INPUT 2: ")')
CALL RD(NGEOM,RI,55)

c
C NEW SCREEN

CALL SC
C
C INPUT MEASIIREMENT UN]TS - I=SI
c

II-INITS=1
WRIr:n1*,'1¡719*,"UNITS: 1= SI")')

122 CALL RD(INT,Rr,55)
IF(INT.EQ. 1.OR.rNT.EQ.2)cO TO 124

wRrTE(*,,', ( IOX,"MUST SELECT I PLEASE RE-ENTER")')
cArL BACK(2,55)
GO 10 122

1Z IUNITS=INT
E=0.
G=0.

C
C SI LINITS
C

WRIr:e1*,'g71O","MODULUS OF ELASTICITY (kN/mrnr2):"/10X,"("ENT
+ER' GIVES DEFATJLT OF 2OO)'')')
EM = 200.
cALL RD( ,E,55)
rF@.NE.0.)EM=E
Vr'RITE('*,' (//l 0X, " SHEARING MODULUS (kN/mrnn2) : "/10X, " (99NTER" c

*IVES DEFAULT OF 8O)")')
GM=80.
CALL RD(II,G,55)
rF(G.NE.0.)GM=c
WRITE(*,1020)

1020 FORMAT(//I OX,'CONSTRUCION TYPE (SELECT ONE):'/*15X, '1 = PINNED CONNECTIONS'/
'*15X, '2 = RIGID CONNECTIONS'/*15X, '3 = CONSTANT.STIT¡NBSS CONNECT]ONS7
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X15X, '4 = NONLINEAR CONNECTIONS')
1.25 C¡J-L RD(NTAßr,55)

tr(NTA.GE. 1.AND.NTA.LE.4)GO TO 1 30
wRrrE(*,1022)

1022 FORMAT(10X,'MUST SELECT 1,2, 3 OR 4. RE-ENTER')
CALL BACK(2,5s)
GO TO 125

C NEW SCREEN
130 CAIL SC

WRITE(*,'(/I0X,"P-DELTA EFFECT INCLUDED? YES o¡ NO:")')
CAIL YN(IY)
IPDELT=1
IF(lY.EQ.2)IPDELT=2

C NEW SCREEN
CALL SC
WRITE(*,'(//10X,"NUMBER OF LOADED JOINTS:")')
CALL RDO{LIRNLJ,55)
WRITE(*,' (//1 OX,"NUMBER OF UNIFORMLY LOADED BEAMS : ")')
CALL RD(NLMU,RNLMU,55)
WRITTI*,'U71 g¡,"NttMBER OF BEAMS \ryITH CONCENTRATED LOADS : ")')
CALL RD(NLMC,RNLMC,55)

I 3 I WRITE(*,', (////10X,"EDIT USER rD, PROJECT DESCRPTION, "/
*IOX,"STRUCTURAL PARAMETERS ? YES or NO:")')
CALL YN(IY)
rF (rY.NE.1)GO rO 290

C NE}V SCREEN
CAIL CLSC
WRIrel*,'1771O¡,"USER IDENTIFICATION: ",4041)')(JSER(J),J=1,

*40)

'ivRITE(* , I 025)
1025 FORMAT(/10X,'AÌ.IY CHANGE ? YES or NO:')

CALL YN(IY)
rF(rY.NE.l)co To 132

Wrum1*,' 171 O","INPUT NEW USER IDENTIFICATION: "\)')
CALL VIDON
READ(x, l01OXIJSER(J),J=1,40)
CAIL VIDOF

132 WRITE(*,'úílOX,"PROJECT DESCRIPTION: ",4041)')(DSCRP(J),J=1
*¡0)
wRITE(*,1025)
CAIL YN(IY)
rF(rY.NE.l)GO TO 134

WRITE(*,'ú|I OX,"INPUT NEW PROJECT DESCRIPTION: " )')
CAIL VIDON
READ(*, 1010XDSCRP(J) J=1,40)
CALL V]DOF

C CLEAR SCREEN
134 CALL SC

wRITE(*, 1 030)NST,NBAy 1,NB Ay3,l\tFr¡eF,Nr_OAD,NCOMB ¡.rcEOM
1030 FORMAT (//10X,'N[TMBER OF STOREYS . . . . 

"r10/
* 1OX,'NI'MBER OF BAYS IN X DIRECTON . . . . . . 

"I1O/
* IOX,'NUMBER OF BAYS IN Z DIRECTION . . . . . . 

"IIOI
r33



+ IOX,'NUMBER OF BRACES ...."IIO/* IOX,'NUMBER OF BRACED FRAMES......... 
"IIO/* IOX,'NUMBER OF LOADS .....,,II0/* IOX,'NUMBER OF CONNECTON COMBINATION, , . . . 

"IiO/
* IOX,'KIND OF CONNECTTON PARAMETERS INPUT . . . 

"I1O'wRrTE(*,1032)
1032 FORMATI/IOX,'TO MODIFY, INPUT NEW VALTIE. OTT{ERWISE ''RETURN"')

WRITE(+,'(/10X,"NUMBER OF STOREYS "I5))NST
CALL ED(NST,55)
WRITE(*,'(10X,''NUMBER OFBAYS IN X-DIRECTION'',I5)')NBAY1
CAIL EDG.rBAY1,55)
WRITE(*,'(IOX,"NUMBEROFBAYSINZ-D]RECTION ",I5)')NBAY3
CALL ED(NBAY3,55)
WRrTE(*,'(10X,"NUMBER OF BRACES ",15)')NFT
CALL ED(NFT,55)
WRITE(*,'(10X,''NUMBEROFBRACEDFRAMES ",Is)')NBF
CALL ED(NBF,s5)
WRrTE(*,',(10X,"NUMBER OF LOADS ",r5)')NLOAD
CALL ED0,ILOAD,55)
WRrTE(*,'(10X,"NUMBRER OF CONNECTTON COMBINATION ",I5)')NCOMB
CAIL EDG\rCOMB,55)
'WRITE(*,' ( 1OX,'' KIND OF CONNECTION PARAMETERS INPI-TT' 

"Is)')NGEOMCALL ED(NGEOM,ss)
C NEW SCREEN

CALL SC
138 GO TO (150,160,170,180)NTA
150 WRrTE(*,1050)
1 O5O FORMAT(//I OX,'PINNED BEAM-TO-COLUMN CONNECTONS ASS LMED')

GO TO 190
160 \rr'RITE(*,1060)
i060 FORN4AT(//IOX,'RIGID BEAM-TO.COLLIN4N CONNECTIONS ASSTIMED')

co To 190

170 WRITE(*,1070)
1 O7O FORMATI/I OX,'LINEAR.STIFFNES S BEAM-COLUMN CONNECTONS ASSLMED')

GO TO 190

180 WRITE('*,1080)
1O8O FORMAT(//10X,'NONLINEAR BEAM-TO-COLITMN CONNECTTONS ASSUMED')
190 WRITE(*,1025)

CALL YN(IY)
rF(rY.EQ.2)GO rO 192

wRlr:e1x,'1¡71gt,"TO CHANGE, USE FOLLOWING CODE.")')
wRrTE(*,1020)

19I CALL RDGTTA,RNTA,55)
rF(NTA.cE.1.AND.NTA.LE,4)cO TO 192
wRtTE(* , 1 022)
CALL BACK(1,5)
GO TO 191

192 CALL SC
196 GO rO(200,210)rPDELr
200 wRrTE(*,1090)
1 O9O FORMAT(//I OX,'P-DELTA EFFECTS INCLUDED IN ANALYSIS')

GO TO 220
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210 WRITE(*,I100)
11OO FORMAT(//10X,'P-DELTA EFFECTS NOT INCLIIDED IN ANALYSIS')
220 WRrTE(x,1025)

CAIL YNOY)
IF(IY.NE.1)GO TO 228
IPDELT=3-IPDELT
GO TO 196

C NEW SCREEN
228 CALL SC
229 CONTINUE
230 WRrTE(*,1 110)
1 I 10 FORMAT(//10X,'SI rrNrTS USED')
250 WRrTE(x,1025)

CATL YN(IY)
rF(rY.NE.1)GO TO 2s5
IUNITS=3 -II'NITS
GO TO 229

C NEW SCREEN
255 CAIL SC
260 EM=?W.

GM=80.
wRrTE(*,113O)EM,GM

1130 FORMATI/10X,'MODULUS OF ELASICIry (kN¡nrn^z) . . . . .'F10.U/
*IOX,'SIIEAR MODT LUS (kN/mm^2) . . ."F10.1)
wRITE(*,r032)
wRITE(*,1033)EM

1033FORMAT(//10X,'MODULUSOFELASTTCTTY 
"FIO.I)CAIL EDR(EM,55)

wRrTE(*,1034)cM
I 034 FORMATII0X,'SHEAR MODULUS

"F10.1)CALL EDR(GM,55)
280 CALL SC

wRrTE(*, i 1 50)NLJ,NLMU,NLMC
1150 FORMATI/10X,'NUMBER OF LOADED JOINTS . . . . . . . . . 

"r10'* /10X,'NUMBER OF ITNTFORMLY LOADED BEAMS. . . . . 
"t10

* /1OX,'NUMBER OF BEAMS WrTH CONCENTRATED LOADS . 
"ri0/)tvRITE(*,1032)

WRITE(*,'(//lOX,"NUMBER OF LOADED JOINTS:")')
CALL RD(NLJRNLJ,55)
WRITelx,'971g¡,"Nt MBER OF LINIFORMLY LOADED BEAMS:")')
CALL RD(NLMU,RNLMU,55)
WRITEIi','(¡16","NUMBER OF BEAMS WITH CONCENTRATED LOADS: ")')
CALL RD(NLMC,RNLMC,55)
WRITE(*,'(/t0X,"NI'MBER OF LOADED JOTNTS ",rs)')NLJ
CALL ED(NLJ,55)
WRITE(*,'(IOX,"NUMBER OF LINIFORMLY LOADED BEAMS'',I5)')NLMU
CATL EDATLMU,55)
WRITE(*,'(10X,''NUMBER OF BEAMS wlTH CONCENT. LOADS ",Is)')NLMC
cALL ED(NTLMC,55)

STORE INPUT DATA FOR FUTURE USE AS AN INPUT FILE

C
C
c
C
C
C
c
C
C
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C
C
c

290 OPEN(2,FILE='STSPEC.IN )
wRrrE(2,1010xrJSER(J)J=1,40)
wRrrE(2, 10 1 OxDSCRP(J),J= 1,40)
WRITE(2,*)NSTNBAY l,NBAY3,IT'NITS,IPDELT,EM,GM
WRITE(2,*)NLJ,NLMU J.ILMC,NTA,NFT,NBF,NLOAD,NCOMB,NGEOM
cl-osE(2)
JPD=IPDELT

WRITE INPLTT DATA TO OUTPUT FILE

wRrTE(3,' l//30x, "FLE>GRM")')
wRrrE(3,1000)
wRIrE(3,r 170) (TJSER(J),J= 1,40)
wRrrE(3,1 180) (DSCRP(J),J=1,40)

1 170 FORMAT(/,i0X,',USER IDENTtrrCATrON....... 

"40A1)1180 FORMAT(/,10X,',PROJECT DISCRrPTION....... 

"40A1)wRrrE(3,'ll0x)')
WRITE(3, 1 03O)NST,NBAY 1,NBAY3 NFTNBF,NLOAD,NCOMB NGEOM
GO rO (300,3 10,320,330)NrA

300 wRrTE(3,10s0)
GO TO 340

310 WRrrE(3,1060)
GO TO 340

320 WRiTE(3,1070)
GO TO 340

330 WRrTE(3,1080)
340 GO rO (350,360)TPDELT
350 WRrrE(3,1090)

GO TO 370
360 WRrTE(3, i i00)
370 CONTINIJE
380 WRrTE(3,I110)

WRITE(3,'(/I5X,"STRUCTLRE DIMENSIONS .. . . . . . . m"/15X,+ "CROSS-SECTIONALDIMENSIONS.....TnTn"/15X,
+ ''LOADS AND FORCES . . KN''/15X,* "ELASIC MODLILI ... kN/rnrnr2"/,1
*-5X,"DISPLACEMENTS ... mrn,radians"/)')
wRrTE(3,1130)EM,GM

4OO CONTINUE
NITER=1

C
C TO AVOID ZERO ST]BSCRIPT IN LOAD VECTOR
C

NLTI=NLJ
NLT2=NLMC
NLT3=NLMU
IF(NLTI .EQ. 0) NLTl=l
tr(NLT2 .EQ. 0) NLr2=l
rF(NrLT3.EQ.0)NLT3=l
PPY=,FALSE.
IF(iPDELT,EQ. I ) PPY=.TRLIE.
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C NFzu = NO. OF FREE NODES, INCLUDING MASTER NODE
C NSJ = NO. OF SUPPORT JOINTS
C NTJ = TOTAL NO. OF JOINTS
C NFB = TOTAI NO. OF BEAMS
C NFC = TOTAL NO. OF COLIIMNS
C NBAND = BAND WIDTH
C NEQ = NO OF EQUATIONS
C

NFzu=((NEAY1 + 1)*(NBAY3 + 1) + I)*NST
NSJ=(NBAYI + 1)*(NrBAY3 + 1) + 1

NFB=(NBAY3*(NBAY1 + i) + NBAYI*(NBAY3 + I))*NST
NFC=(NBAY3 + l)*(l.iBAY1 + 1)*NST
NTJ=NFRJ + NSJ
NB AND= (NTí(NS T + 1))+Z*3
NEQ=NTJ* 3

N)(M=NEQ+NBA.NID
C
C SET UP STORAGE MAP
C NI CN(3,¡{TJ) R*8 JOINT COORIDINATES
C N2 INB(2,NFB) I*4 BEAM INCIDENCE TABLE
C N3 SPANI(NBAYI) R+8 LENGTH/BAY IN X1 DIRECTION
C N4 SPAN3(NIBAY3) R*8 LENGT}VBAY ]N X3 DIRECTION
c N5 DHE(NSÐ R*8 rrErcHT pER STORY
C N6 INC(z,NFC) I*4 COLUMN INCIDENCE TABLE
c N7 ÌBP(NrFB) I*4 BEAM SECTION IDENTIFICATION NO.
C N8 ICP(NFC) I*4 COLUMN SECTION IDENTtrICATION NO,
C N9 IBCT(2,NFB) I*4 CONNECTTON TYPE IDENTIFICATION NO.
C NIO FK(2NBF) R*8 CONNECTION MOMENT MULTIPLICATION FACTOR
C Nl1 CS(2,NFB) RX8 CONNECTION STIFFNESS
C N12 SS(NEAND,NEQ) R*8 GLOBAL ST]FFNESS MATRX
C N13 JD(3¡{TJ) R*8 CAICULATED DISPLACEMENT \ECTOR
c N14 AJL(3,100) R*8 JOrNT LOAD VECTOR
C NI5 BFA(3NFB) R*8 BEAM A END FORCES
C NI6 BFB(3,NFB) R*8 BEAM B END FORCES
C NI7 CFA(3,NTFC) R*8 COLUMN A END FORCES
C N18 CFB(3,NFC) R*8 COLUMN B END FORCES
C N19 CIA(3,NFC) R*8 COLUMN A END IN-PLANE FORCES
c N20 cIB(3,r.{FC) R*8 COLUMN B END IN-PLANE FORCES
C N21 ALMC(3,IOO) R*8 BEÄM CONCENTRATED LOAD
c N22 ALMU(100) R*8 BEAM UNTFORMLY DISTRIBUTED LOAD
C N23 MU(1OO) i+4 UNIFORM]LY LOADED BEAM MEMBER NOS.
c N24 MJ(100) r*4 LOADED JOrNT NUMBER
C N25 MC(1OO) I,&4 CONCENTRATED LOADED BEAM MEMBER NOS.
C N26 INT(z,NFÐ I*4 BRA AUSEINCIDENCE TABLE
C N27 ITPOIFT) I*4 BRACING PROPERTY IDENTIFICATION NUMBER
C N28 TTAçI,TRÐ R*8 BMCING A END FORCES
C N29 TFB(NFT) R*8 BRACING B END FORCES
c N30 AMO(2NFB)
c N31 RO(2,NFB)
c N32 AN(2,NFB)
c N33 SP(2,NFB)
c N34 BENDF(2,NFB)
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C
C
C
c
C
C
C
C
C
C
C
C
C
C
C

N3s ROTAT(2,NFB)
N36 BENDFAB(2ÀIFB)
N37 ROTATAB(2,NFB)
N38 BENDFL(2NF'B)
N39 NTYPE(2,¡{FB)
N40 ROTAT3(2,NFB)
N41 BENDF3(2,NFB)
N42 rCT(2NCOMB)
N43 SrGN0(2,NFB)
N44 DrSP(3,NTJ)
N45 ROT(3,I.¡TJ)
N46 RR(2NFB)
N47 PPG\TFC)

N48 JDD(3Àì'[J)

N1=1
N2=N1+3*NTJ
N3=N2+2*NFB
N4=N3+NBAYI
N5=N4+NBAY3
N6=N5+NST
N7=N6+2*NFC
N8=N7+NFB
N9=N8+NFC
N10=N9+2*NFB
Nl1=N10+2*NFB
N12=N11+2*NFB
N13=Nl2+NXM
N14=N 13+NEQ
Nl5=N14+3*100
N16=Nl5+3*NFB
N17=Nl6+3*NFB
Nl8=Nl7+3*NFC
N19=N18+3*NFC
N20=Nl9+3*NFC
N21=N20+3*NFC
N22=N21+3*100
N23=N22+100
N24=N23+100
N25=N24+100
N26=N25+100
N27=N26+2*NFT
N28=N27+NFT
N29=N28+NFT
N30=N29+NFT
N3l=N30+2*NFB
N32=N31+2*NFB
N33=N32+2*NFB
N34=N33+2*NFB
N35=N34+2*NFB
N36=N35+2*NFB
N37=N36+2*NFB
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N38=N37+2*NFB
N39=N38+2xNFB
N40=N39+2*NFB
N41=N40+2*NFB
N42=N41+2*NFB
N43=N42+2*NCOMB
N44=N43+2*NFB
N45=N44+3*NTJ
N46=N45+3*NTJ
N47=N46+3*NTJ
N48=N47+NFC

C

401 CONTINT'E
NMODtr=O
NPDT=1
NPD=1
NCOUNT=1
IF (NLJ.EQ.O.A}ID,NLOADTM.EQ, 1) IPDELT=2

405 tr ßEAL(NLOADTN{)/2.EQ.REAL(NLOAD]M2) TIIEN
NTA=NTA-l
IPDELT=2

ELSE IF (NTLTI.NE, I.AND,NLOADTM.GT.I) TITEN
IPDELT=JPD

END IF
IF(NLOADTM.GT.1) cO TO 8

408 CAIL GENTNP(A(N1),4(N2),A(N3),A(N4),A(t\s),A(N6),A(N7),A(N8)
tr(NTLOADTM.EQ, I.AND.MTER.EQ. l) CALL FrrNCTy(AOr2),A(N34),A(N3s),

*A(N36),4(N37),4(N39),4(N40),A(N4 
1 )

6 CALL CrNFO(A(N1 3),A(N9),AO{2),AO{1 1),A(N I s),AO{16),NrA,x A(N30),AG.r3i),4(N32),A(N33),4(N34),4(N35),4(N36),
+ A(N37),4(N39),A(N40),A(N4l),A(N42)NCOMB,A(N43),
* NCOITNT,NLOADTM,A(N46),NGEOM)

8 CONTINUE
C

IF(REAL(NLOADTT4)/2.EQ.REAL(NLOADTM/z).OR.NLOADTM,EQ. 1.OR.NTA.NE.4)
*GO TO 4
cALL TTNLOAD(A(N9),A(N I 1 ),A(N30),A(N3 I ),A(N32),A(N33),A(N34),A(N35)*,4(N36),AOI38),4(N39),4(N40),AOr41),4(N43)NLoADrr\4)

4 rF (NFT.EQ.O)GO rO 410
cALL rNrRS(A(N26),A(N27)¡{LOADTM)

4 1O CAIL COL(AO{1),A(N6),A(N8),A(NI2),A(N47)NITER,NLOADTN4)
cArL BEAM(A(N1),A(N2),A(N7),A(N1 1),A(N12)
rF(NBF.Gr.0)CArL BRACE(A(N1),A(N26),A(N12),A(N27)
rF(NrTER.cT.l.OR.NpDT.cT.l)cO TO 420
cALL LOAD(A(N1),AO¡2),A(N7),A(N1 1),AO{13),

áA(N 1 4),4(N1 5),4(N 1 6),4(N2 1),A(N22),A(N23),A(N24),A(N2s),NLoADTÀO
GO TO 430

420 CN-L RELOAD(A(Nt),A(N2),A(N7),A(N11),A(Nl3),AO{14),AO{1s),A(N16),A
* (N2 1 ),4(N22),A(N23),A(N24),A(N25)

430 CALL SPT(A(NI2),A(N¡13),NLOADTM,MTER)
cALL EQN(A(N 1),AO{ I 2),A(N1 3),A(N44),AO{45)
CALL BMF(A(N1),AC\ì2),A(N7),4(Nl 1),4(N1 3),4(N15),A(N16)
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CALL CMF(AOJI ),4(N6),A(N8),A(t ¡13),A(N17),A(N18),A(N19),A0{20),+ A(N47),NLOADTM,NITER)
rF( NBF.GT.0)CArL FBRACE(A(N1 ),A(N26),A(N27),A(N I 3),AO{28),A(N29)
NPCODE=0
NCCODE=0

C
C P-DELTA AND CONNECTION DEFORMATION NOT INCLTJDED IN ANALYSIS
C

tr(IPDELT.EQ.2,AND.NTA.LT.4)cO TO 440
C
C CONNECT]ON DEFORMATION AND P-DELTA INCLUDED IN ANALYSIS
C

ÌF(TPDELT.EQ. t.AND.NTA.EQ.4)cO TO 450
c
C ONLY P-DELTA INCLUDED IN ANALYSIS
C

rF(TPDELT.EQ.1.AND.NTA.LT.4)cO TO 450
C
C ONLY CONNECTION DEFORMATION INCLUDED IN ANALYSIS
C

tr(TPDELT.EQ.2.AND.NTA.EQ.4)cO TO 460
c
450 tr(NPDT.LT.10)GO TO 470

WRITE(+,'('' P-DELTA EFFECT DOES NOT STABILIZE''))
NPCODE=2
IFßrTA.LT.4)GO TO 440
GO TO 460

C
470 rF(NPD.Gr.0)cO TO 480

NPCODE=i
IF(NTA.LT.4)cO TO 440
GO TO 460

C
480 CAIL PDELTA(A(N1),A(N2),A(N6),A(N7),A(N8),A(N1 l),A(N13),A(Nt4),* A(N47), NPD,NPDT)

NPDT=NPDT+ 1

488 rF(NTA.LT.4)GO rO 4i0
C
460 rF(MTER.LT.10)GO TO 490
C

wRrrrlx,'1" STIFFER CONNECTION NEEDED")')
GOTO 510

C
490 rF(NPCODE.EQ.2)GO rO 440

rF(NCOtrNT.GT.O)GO TO 500
NCCODE=1
rF(NPCODE.EQ.I.AND.NCCODE.EQ. 1)cO TO 440
rF(IPDELT.EQ.2)cO TO 440
GO TO 410

C
s00 CALL ITER(A(Nl3),AOl2),A(N9),A(N1 1),A(N15),A(N16)¡{COLrNr,A(N30),+ A(N31),4(N32),4(N33),A(N34),A(N35),A(N36),A(N37),AC\r39),
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* A(fr40),4(N41),NLOADTM,A(¡r42),NCOMB,A(f¡43),A0{46),NlrER)
Nì TER=NITER+ I
rF(rPDELT.EQ.2)GO TO 410
IF(NPCODE.EQ.I)NPD=I
GO TO 410

440 CONTINTJE
s10 cArL our(A(N2),A(N6),A(N13),A0{1s),A(Nl6),A(¡¡17),A(N18),A(N30),x A(N31),4(N34),A(N3s),A(rr36),A(N37),A(N39),A(N40),AOr41),* NLOADTM,A(N44),AO{45),A(N46),NTA)

IF ßEAL(NLOADTN,Ð/2.EQ.NLOADTM/2) T}IEN
NTA=NTA+1
IPDELT=JPD

END IF
IF(NLOADTM.EQ.(2*NLOAD-1) cO TO 404
NLOADTM=NLOADTM+1

C NEW SCREEN
CAIL SC
wRrTE(*,444) NLOADTM

c
rFßIAL(NLOADTM)/2.NE.REALO{LOADTÀ4/2) cO TO 400

C
444 FORMAT(//10X,'THE NUMBER OF LOAD SYSTEM IS :',I5/)

WRITTI*,'1¡719*,"NIIMBER OF LOADED JOINT: ")')
CALL RDOILJÀNLJ,ss)
WRI]iE(+,' (//10X,''NUMBER OF TINIFORMLY LOADED BEAMS :'')')
CAIL RD(NLMU,RNLMU,55)
WRITE('*,'(//1 0X,"NUMBER OF BEAMS WITH CONCENTRATED LOADS : ")')
CATL RD(NLMC,RNLMC,55)

C
C NEW SCREEN

CALL SC
wRrTE(*,1 150) NLJ,NLMU,NLMC
WRITE(*,1032)
WRITE(*,'(//10X,"NUMBER OF LOADED JOINT: ",15)')NLJ
CALL ED(NIJ,55)
WRITE(*,' (//10X,"NIIMBER OF LTNIFORMLY LOADED BEAMS : ",15)')NLMU
CALL ED(NILMU,ss)
WRITE(*,' (//l 0X, "NUMBER OF BEAMS wlTH CONCENTRATED LOADS : ",t5)')

*NLMC

cArL ED0\ILMC,55)
co To 400

404 CLOSE(3)
cI-osE(9)
STOP
END

C
C THIS SUBROUTINE SETS BLUE BACKGROTIND, WHITE PRINTING.
C CLEARS SCREEN AND PLACES CTJRSOR AT "HOME"

S UBROT-TTINE CLSC
wRrTE(*,'(4(A\)')CHAR(27),', t2J"CHAR(27),' 144:37 n'
RETURN
END



c
C THIS SI'BROUTINE TIIRNS ON REVERSE VIDEO

SUBROUTINE VIDON
wRrrE(*,'(2(A\)')CHAR(27),', [7m',
RETTIRN
END

C
C THIS STJBROUTINE TURNS OFF REVERSE VIDEO

SUBROUTINE VIDOF
WRIrE(*,' (2(A\)')CHAR(27),' [0i44;37rn'
RETURN
END

C
C THIS SUBROIJTINE STARTS NEW SCREEN OR TERMINATES EXECTUTION

SUBROUTINE SC
CHARACTER S/'S'/
wRrTE(*,' (//l 0x, "TYPE "STOP" TO QL.[T,'ENTER' TO CONTINUE")')
lS=0
READ(*,',(A)',)S
IF(S.EQ.'S')STOP' PROGRAME)GCUTIONTERMINATED'
CALL CLSC
RETIJRN
END

C
C THIS SUBROUTINE READS AN ALPHANLIMERIC STRING AND
C TRIES TO CONVERT IT INTO A NUMBER

ST]BROUTINE RD(INT,RL,IC)
REAL*8 RL
CHARACTER IN(l4y'1"',2"'3 

"'4' 
,'5' ,'6','7' ,'8"'9' ,'0' ,'-' ,' 

"
CHARACTER INP(10)
IE=0

3888 CAIL BACK(I,rC)
CALL VIDON
READ (*,'(t0Ai)',)rNP
RL=O.
M=1
L=0
ISIGN=1
DO 100 K=1,10
I=11-K
J=-1
rF(rNP(r).NE.rN(13) cO rO 20

RL=RL/10.x*L

GO TO 100
20 rF(rNP(r).EQ.rN(12).OR.rNp0).EQ.rN(14)cO rO 100

DO N=1,9
IF(Ir.{P(r).EQ.rNC\r)) J=N

END DO
rF(rNP0).EQ.rN(10)J=0
rF(rNP(r).EQ.rN( 1 1)TTIEN



ISIGN=-1
co To 100

ELSE IF(J,LT.O)TIIEN
GO TO 50

END IF
RL=RL+J*10**L
L=L+1
GO TO 100

50 CALL VIDOF
WRITE(*,'(10X,"PLEASE RE-ËNTER ")')
IE=1
CAIL BACK(2,IC)
wRlrr1x"1" ")')
GO TO 3888

1OO CONTINUE
RL=RLXISIGN
INT = RL
CALL VIDOF
rF(rE.EQ,0)GO TO 110
WRITE(*,'(10X," ,'))
CALL BACK(3,1)
wRIrE(*"(/)')

110 CONTINUE
RETIIRN
END

C
C THIS SUBROUTINE EDITS INTEGER DATA
C

SUBROUTINE ED(rN,J)
REAI*8 RL
CALL RD(INT,RL,J)
IF(INT.NE.O)IN=INT
RETI'RN
END

C

C TIIIS SUBROUTINE EDITS REAL DATA
c

SI'BROUTINE EDRß-E,J)
REAI*8 RERL
CALL RD(INT,RL,J)
tr(Rr.NE.0.)RE=RL
RETTJRN
END

C
C THIS SI'BROUTINE MOVES CTJRSOR BACK IR ROWS AND TO COLUMN IC

SIJBROUTINE B ACK(IR,IC)
wRrTE(*,'(4,4,r2.2,A\)',)CHAR(27),' t"rR,'A'
wRrTE(*,',(4,A,r2.2,A\)',)CHAR(27),' t"rC,'C'
RETTIRN
END

C
C THIS SUBROUTINE INTERPRETS A YES OR NO RESPONSE
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SUBROUTINE Iî{(NANS)
CHARACTER* 1 Y
NANS=1
IE=0

10 cArL BACK(I,55)
CAIL VIDON
READ(*,'(41)')Y
CALL VIDOF
IF(Y.EQ.'Y'.OR.Y.EQ.'y'.OR.Y.EQ.'N'.OR.Y.EQ.'n')GO TO 20
WRITE(*,'(t0X,"PLEASE RE-ENTER ")')
IE=1
CALL BACK(2,55)
Wrutrl*,'1" ")')
GO TO t0

20 IF(Y.NE.'Y'.AND.Y.NE.'y')NANS=2
rF(rE.EQ.0)co ro 30
WRITE(*,'(10X," ")')
CALL BACK(2,1)
WRITE(*,'(/r')

30 CONTTNUE
RETURN
END

C
C THIS STJBROUTINE EKECUTES A PRINTER FORM FEED
c

SUBROUTINE ¡P
wRrTE(3,'(A)',)CHAR( 12)
RETIJRN
END

C
C THIS SUBROUTINE GENERATES THE JOINT NUMBERS, JOINT COORIDINATES
C BEAM MEMBER NUMBERS AND COLUMN MEMBER NIIMBERS, BEAM AND COLLMN
C INCIDENCE TABLES FOR THE RECTANGULAR STRUCTTIRE ANAIYZED.
C

ST-IBROUTINE GENINP(CN,INB,SPANl,SPAN3,DHE,INC,IBP,ICP)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON ÂPTINSTNBAYlÀTBAY3
COMMON /GENN$TJNFB,NFC¡BAIVD,NEQ,NXM
coMMoN /SECT/B P (4,20),CP (4,20)
COMMON ¡TEMPB U\PRTÀTFIL,IPDELT
DIMENSION CN(3,I.{TÐ,SPAN i(NBAY 1),SPAN3(NBAY3),DHENST),INB(2,IIFB),

*rNc(2NFC),rBP(NFB),ICP(NFC)

REAL*8 MNODEI,MNODE3
C
C IF USING OLD INPUT FILE, READ FROM ''DIMENS.IN":
C MASTER NODE COORDINATES- X1'AND X3'
C LENGTH OF EACH BAY IN X1' DIRECTION
C LENGTH OF EACH BAY IN X3' DIRECTON
C TIEIG}IT OF EACH STOREY
c

rF(NFrL.EQ.l)cO TO 50
c
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oPEN(2¡ILE='DTMENS.TN')
READ(2,*)MNODE1,MNODE3,T{El,(SPANl (N),N=1,NBAy1),(SpAN3(NÐ,N= t,NBAy

*3),(DHE(N),N= 1,NST)
cloSEGTNIT=2)
GO TO 90

c
C OTI{ERWISE INPUT THE INFORMATION
C
50 CALL CLSC

Vr'RITE(*,' I/1 OX,"INPUT THE FOLLOWING DIMENSIONS IN "\)')
60'WRITE(*,'("METRES")',)
80 WRITE(+,'(//10X,"X COORDINATE OF MASTER NODE:")')

CALL RD(INT,MNODE1,55)
WRIrrl*,' 1¡71 

gX,"Z COORDINATE OF MASTER NODE: ")')
CALL RD(INT,MNODE3,55)
CALL SC
WRITE(*,' (//1 0X, "B AY LENGTHS IN X DIRECTION: ")')
DO N=lNBAYI

cAr-L RD(INT,SPANl(N),55)
wRrTE(*,'(/)',)

END DO
CALL SC
WRIrel+,' 1¡71 

gt," BAY LENGTHS IN z DIRECTION: " )')
DO N=1,NBAY3

CALL RD(rNr,SPAN3(N),s5)
wRlrel't"1¡'¡

END DO
CALL SC
WRITE(*,'(//10X,"STOREY HEIGHTS(TOP TO BOTTOI4):")')
HEI=0.
DO N= 1J.¡ST

CAIL RD(INT,DI{EôD,55)
HEI=HEI+DHE(N)
wRITEe,'(/)',)

END DO
C
C EDIT ABOVE INPUT ?

C
90 WRITE(*,1005)
1005 FORMAT(//I0X,'EDIT:'/15X,'COORDINATES OF MASTER NODE'/15X,'BAY LEN

*GTHS'/15X,'STOREY HEIGHTS ? YES or NO:')
i000 FORMAT(//10X,'EDIT INPUT ? YES or NO:')

CALL YN(IY)
rF(rY.NE.1)GO rO 100
CALL CLSC
wRrTE(x,1010)MNODET,MNODE3

1010 FORMAT(//10X,'X COORDINATE OF MASTER NODE . . . . . . 

"F10.V
* 10x,'z cooRDINATE OF MASTER NODE, . . . . . '¡10.U)
wRrTE(*,1020)

IO2O FORMAT(//IOX,'TO MODIFY, INPUT NEW VALLIE. OTHERMSE 'RETTIRN"')
wRrTE(*,'(l0x,"x cooRDTNATE oF MASTER NODE "¡10.1)')MNODEI
CAIL EDR(MNODEI,55)



wRrTE(*,',(i0x,"z cooRDTNATE oF MASTER NODE ",F10. Ð',)MNODE3
CALL EDR(MNODE3,55)
CALL SC
wRITE('i'1020)
WRITE(*,'I/1OX,"BAY LENGTHS IN X D]RECT1ON"//IOX,'' BAY LENGT
xH"/)')
DO N=l,NBAY1

WRITE(*,'(1 0X,r4,15X,F10. 1)')N,SPAN1(tg
CALL EDR(SPAN1(r{),ss)

END DO
CALL SC
wRrTE(* , l 020)
WRITE(*,'IIIOX,"BAY LENGTHS IN Z DIRECTION''//IOX," BAY LENGT

xH,,/),)

DO N=1,NBAY3
WRITE(*,'(10X,r4,1 5X,F10. l)')N,SpAN3(N)
CALL EDR(SPAN3(N),55)

END DO
CALL SC
WRITE(* , I 020)
wRrTE(*,' l/t 0x," sToREy HEÌGHTS "/1 0x, " sToREy IrErcHT' 7/)')
t{EI=0.
DO N=1NST

wRrTE(*,'(10X,r4,15X,F10. 1)')N,Drü(N)
CAIL EDR(DHE(N),55)
FIEI=HEl+DHE(IÐ

END DO
C
C WRITE TO 'OLD" INPT]T FILE:
C COORDINATES OF MASTER NODE (MNODE1, MNODE3)
C TOTAL I{EIG}IT OF STRUCTURE
C BAY SPANS IN X AND Z DIRECTIONS
C STOREY HEIGHTS
C
100 OPEN(2,FILE=',Drr\ßNS.IN',)

WRITE(2,*)MNODEl,MNODE3,rrEr,(SPAN1(1.ÐN=1 ÀrBAY1 ),(SPAN3(l\Ð,N=l,NBA

" 
Y 3),(DHE (Nr) N= I,NS T)
cLosE(2)

c
C GENERATE JOINT NUMBERS AND COORDINATES
C

NJ=0
TEMPI=0.D0
TEMP3=0.D0
NSH=NST+1
NBAY 1P=NBAYl+1
NBAY3P=NBAY3+I
DO N=1NSH

NJ=NJ+1
CN(INJ)=TEMPI
cN(2ÀIJ)=tæl
CN(3NJ)=TEMP3
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DO NN=1,NBAY1P
DO MN=1,NBAY3

NJ=NJ+1
CN(1,NJ)=TEMPl
CN(2,NJ)=IDI
cN(3,NJ)=CN(3,NJ- I )+SPAN3 (MN)

END DO
rF(NN,EQ.NBAYiP)GO TO 140
TEMP 1 =TEMP1+SPAN I ôrN)
NJ=NJ+ I
CN(1NJ)=TEMPI
cN(3¡¡J)=TEtvP3
CN(2NJ)=HEI

END DO
140 NJ=NJ+I

cN(1,NJ)=MNODEl
cN(2NJ)=tüI
CN(3J.{J)=MNODE3
TEMPl=O.DO
rF0r.EQ.NSÐGO TO 150
HEI=HEI-DHE(}Ð

150 CONTINT'E
END DO

C
wRiTE(*,'lll 0x,"Do you WANT JorNT COORDINATES AND"/l0X," MEMBER
* INCIDENCE TABLES ? YES or NO: ")')
CALL YN(IJC)
rF(1JC.NE.I)GO TO 240
WRITE(*,1030)

IO3OFORMAT(//10X,'JOINTNT,IMBERS AND COORDINATES'/10X,'JOINT X COO
*RDINATE Y COORDINATE Z COORDINATE')
DO N= I,¡{TJ

wRITE(*, I 040)N,(CN(K,rrr),K= 1,3)
1040 FORMAT(l0X,rs,3(6X,F10.2)

END DO
C
C COI.IVERT TO IN. OR MM.
C
240 FACT=1000.

DO KK=l,NTJ
cN(1,KK)=CN(1,KI()*FACT
CN(2,KK)=CN(2,KK)*FACT
cN(3,KK)=CN(3,KI()*FACr

END DO
C
C GENERATE BEAM INCIDENCE TABLE
C NB = FIRST JOINT
C NE = LAST JOINT
C

NB=1
NE=(NBAY1+ 1)*(NBAY3+1)
NEB=NE
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JS=NB-1
JE=JS+l
MM=0
DO NN=l,NST

DO N=1,NBAYIP
DO M=l,NBAY3

MM=MM+1
JS=JS+l
JE=JE+ 1

rNB(1,Ì,/{Ì\-O=JS
INB(z,MT4) = JE

END DO
JS=JE
JE=JS+1

END DO
JS=NB
JE=JS+NBAY3+1
DO N=1NBAY3P

DO M=lNBAYl
MM=MM+1
INB ( 1 ,N4I/Ð=JS
INB(2,N4ì,0=JE
JS=JE
JE=JE+OlBAY3+1)

END DO
JS=NB+N
JE=JS+NBAY3+1

END DO
NB=NE+ 1

NE=NB+NEB
JS =NB
JE=JS+1
NB=NB+1

END DO

GENERATE COLUMN INCIDENCE TABLE

MM=0
NEC=NFCA{ST
NE=0
NB=NFCA{ST+1
JS=NB
JE=NE
DO NN=I,NST

DO N=INBAYlP
DO M=1,NBAY3P

MM=MM+l
JS=JS+l
JE=JE+1
INC(1,1vß4)=JS
INC(2,MM)=JE

END DO

C
C

C
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END DO
NE=NB
NB=NB+NEC+1
JS=NB
JE=NE

END DO
c

tr(tJc.NE.1) cO TO 290
CAIL SC
wRITE(*,1045)

1045 FORMAT(//10X,'BEAM INCIDENCE TABLE'/10X,'BEAM"5X,'JO]NT AT A END'
*,sX,'JOINT AT B END')
NBE=NFBAIST
wRITel*,'g¿'¡
MM=l
MN=NBE
DO N=1NST

WRITE(*,1050)N
1050 FORMAT(//10X,'STOREY LE\¡EL:',I5,

DO M=MM,MN
wRrTE(*,1060)M,rNB(l,N0,tNB(2,À.f)

END DO
1060 FORMAT (10X,r5,10X,r5,10X,r5)

MM=MN+1
Nû\¡=(N+1)*NBE

END DO
CALL SC
wRrTE(*,1070)

1 O7O FORMAT (//10X,' COLUMN INCIDENCE TABLE'/I OX,' COLIJMN"5X,'JOINT AT A
X END"5X,'JOINT AT BEND')
MM=1
MN=NEC
DO N=1NST

WRITE(*,1050)N
DIIE(N¡=Olgg9*¡4ç'¡
DO M=MM,MN

wRrTE(*, 1060)M,rNC( 1,M),rNC(2,N{)
END DO
MM=MN+1
N.{fI=Ot+t)*NEC

END DO
290 CALL SC

rF(NFrL.EQ.1)GO rO 300
c
C READ FROM ''OLD" INPUT FILE:
C - NUMBER OF BEAM CROSS-SECTION TYPES
C - CROSS-SECTiONAL PROPERTIES FOR EACH
C

oPEN(2¡ILE=',BMPROP.IN' )
READ(2,+)NBP,(BP(J,Ð,J=1,4),r= I,NBp)
cLosE(2)
GO TO 340
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C
C OR ]NPUT NEW BEAM CROSS-SECTIONAL PROPERTIES
c
3OO }VRITE(*,' (//I OX, "INPUT NT'MBER OF BEAM CROSS -SECTION TYPES'' )')

CALL RPROP(NBP,BP)
340 WRrrel*,'g710X,"EDIT BEAM CROSS-SECTTON PROPERTIES ?"/1OX,"YES

x or NO:")')
CALL YN(IY)
rF(rY.EQ.2)GO TO 360

C
C EDIT BEAM CROSS-SECTIONAI PROPERTIES
C

CALL EPROP(NEP,BP)
c
C WRITE BEAM CROSS-SECTION PROPERTIES TO ''OLD' FILE
C
360 OPEN(2,FILE='BMPROP.IN')

wRrTE(2,*)NBP,((BP(J,D,J= 1,4),r= I,NBp)
cLosE(2)

C
C READ FROM ''OLD" INPUT FILE:
C . NUMBER OF COLUMN CROSS-SECTION TYPES
C - CROSS-SECTIONAI PROPERTIES FOR EACH
C
370 CAIL SC

rF(NÌFrL.EQ.1)GO rO 380
oPEN(2,FrLE=',COLPROP.IN')
READ(2,*)NCP,(CP(J,r) J= 1,a),r= 1 J\rCp)
cLosE(2)
GO TO 390

C
C OR INPUT NEW COLUMN CROSS-SECTIONAL PROPERTIES
C
3 80 WRITE(,*,' (//10X, " INPUT NUMBER OF COLUMN CROS S-SECTION TypES ")')

CALL RPROP(NCP,CP)
390 WRITE(+,',(//10X,"EDrT COLUMN CROSS-SECTION PROPERTTES ?" I10X;'y

*ES or NO:")')
CALL YN(IY)
rF(rY.EQ.2) GO rO 430

C
C EDIT COLT'MN CROSS-SECTONAL PROPERTIES
C

CALL EPROP(NCP,CP)
C
C WRITE COLUMN CROSS-SECTONAL PROPERTIES TO "OLD'FILE
c
430 OPEN(2,FILE='COLPROP.TN"STATUS='LTNKNOWN')

wRrrE(2,*)NCP,((CP(J,Ð,J= 1,4),r= I,NCp)
cLosE(2)

C
C READ BEAM TYPE IDENTIFIERS FROM 'OLD'' INPUT FILE
C
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rF (NFrL.EQ.1) GO rO 440
OPEN(2,FILE='BMTYP,IN',STATUS='OLD')
READ(2,*XIBP(I),I= 1,NFB)
cl.osE(2)
GO TO 450

c
C OR INPUT BEAM TYPE IDENTIFIERS
c
440 CALL SC

V/RITE (*,1140)
1140 FORMAT(//10X,'BEAM "TYPES" (1, 2 ,3, ETC.), IN FOLLOWING ORDER'/l5

*X,'- AXES IN Z DIRECTION, IN ORDER OF INCREASING Z;'/15X,'- ÆGS I
*N X DIRECTION, IN ORDER OF INCREASING XiII'X,'- BOTTOM FLOOR TO T
*oP'/)
WRITE(*,' ( 1 OX,"TOTAL NUMBER OF BEAMS =",I3//)')NFB
CALL RTYPE(NFB,IBP,NBP)

C
C EDIT BEAM TYPE IDENTIFIERS
C
450 WRITE(*,'UII0X,"EDIT BEAM TYPE IDENTIFIERS ?"/IOX,"YES or NO"

*),)
CALL YN(IY)
rF(IY.EQ.2)GO TO 460
CALL CLSC
WRITE(*'1140)
CALL ETYPE(NIFC,IBP,NBP)

C
C WRITE BEAM TYPE IDENTIFIERS TO 'OLD" FILE
C
460 OPEN(2,FILE='BMTYP.IN',STATUS='UNKNOWN')

wRrTE(2,*)0BP(Ð,r=1 NFB)
cLosE(2)

C
C READ COLIIMN TYPE IDENTIFIERS FROM'OLD" INPUT FILE
C

tr(NrFrL.EQ.l)CO TO 470
OPEN(2"FILE='COLTYP.IN')
READ(2,*XICP(r),r= r,NFC)
cLosE(2)
co To 480

C
C OR INPUT COLT'MN TYPE IDENTIFIERS
C
470 CALL SC

WRITE (*,1160)
1 160 FORMAT(//I 0X,',COLUMN "TypES " ( 1, 2,3, ET C.), IN FOLLOWING ORDER T

*15x,'- ALONG z GRID LINES, IN ORDER OF INCREASING Z;'/15X,'- TI{EN
*IN ORDER OF INCREASING X;'/15X,'- THEN BOTTOM FLOOR TO TOP'/)
wRrTE(x,' ( I 0x, "TOTAL NLrÀ4BER OF COLUMNS =",r3l/)')NFC
CALL RTYPE(NFC,ICP,NCP)

C
C EDIT COLUMN TYPE IDENTIFTERS
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C
C
C
490

C
C
c
C
C

C
480 WRITE(*,'(//10X,"ËDIr COLUMN TypË TDENTIFTERS ?"/tOX,"yES o¡ NO

* "),)
CALL YN(IY)
rF(rY.EQ.2)GO rO 490
CALL CLSC
WRITE(*,1160)
CAIL ETYPE(NFC,ICP,NCP)

WRITE COLUMN TYPE IDENTIFIERS TO 'OLD" FILE

OPEN(2,FILE=' COLTYP.IN',STATUS='UNKNOWN' )
wRrTE(2,*XrCP(Ð,r= 1,NFC)
cLosE(2)

WRITE INPUT DATA TO OUTPUT FILE

MASTER NODE COORDINATES, BAY LENGTHS AND STOREY IIEIG}ITS

CALL FF
WRITE(3,'(/10X,"X AND z COORDINATES OF MASTER NODE:"/5X,2(5X,FI

*0.1)')MNODEl,MNODE3

WRITE(3,'lll0X,"SPAN LENGTHS IN X DIRECTION:'75X3(5X,F10.1))')
*(sPAN 

1 (Nr),N= I ÀrB AY 1)

WRITE(3,'(//l0X,"SPAN LENGTIIS IN z DIRECTION: "/5X,4(5X,F10. 1))')
*(SPAN3 (N),N= I JTÌBAY3)
WRITE(3,'ll10X,"SrOREY I{EIGHrS (rOP To BOrrOlvÐ:"/(5X,4(5X,F10. I
+)))(DrrE(r),r=l,NSÐ
tr(rJC.EQ.2)cO TO 500
CAIL ¡¡
wRrrE(3,1030)
DO N=l ÀITJ

wRrTE(3, r 040)N,(CN(K,¡ÐÆACr,K= 1,3)
END DO
CALL FF
wRrTE(3,104s)
NBE=NFBÆ.{ST
MM=i
MN=NBE
DO N=INST

wRrTE(3,1050)N
DO M=MM,MN

VTRITE(3, I 060)M,(INB (K,r\O,K= 1,2)
END DO

MM=MN+1
MN=(N+i)*NBE

EN'D DO
CALL FF
wRrTE(3,1070)
MM=1
MN=NEC
Do N=lNST
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wRrrE(3,10s0)N
DO M=MM,MN

wRrrE(3, 1060)M,(rNC(K,NO,K= 1,2)
END DO
MM=MN+l
t\.fÌ!=O{+1)*NEC

END DO
C
C BEAM TYPES AND CROSS-SECTIONAL PROPERTIES
C
5OO CALL FF

wRrTE(3,'ll10X,"BEAM TypES AND CROSS-SECTIONAI PROPERTTES")')
wRrTE(3,r102)

1102 FORMAT(10X,'TYPE TORS. CONST. Iyy rzz AREA')
1IOO FORMAT(//I OX,'INPUT CROSS-SECTIONAI PROPERTIES FOR EACH TYPE')
510 WRrrE(3,1110)
1110FORMAT(30X,'(MM^4/10i5) (MM^2)',/)
530 DO I=I,NBP

wRrrE(3,1 090)r,(BP(J,D,J= 1,4)
1090 FORMAT(10X,r3,4F12.i)

END DO
c
C BEAM TYPE IDENTIFIERS
C

wRrTE(3,1140)
wRrrE(3,1 150)(rBP(r),r= 1,NFB)

1150 FORMAT(8X,20t3l)
C
C COLUMN TYPES AND CROSS-SECTIONAL PROPERTTES
C

CALL FF
WRITE(3,' I/1 OX,''COLUMN TYPES AND CROSS-SECT]ONAL PROPERTIES ")')
wRrTE(3, r r02)

s40 wRrTE(3,1110)
c
C COLIIMN TYPE IDENTIFIERS
C
560 DO I=1,NCP

wRrrE(3,1090)r,(cP(J,D,J= 1,4)
END DO
wRrTE (3,1160)

wRrTE(3,1 1s0XrCP0),r= t,NFC)
RETURN
END

C
C THIS SUBROUTINE READS MEMBER CROSS-SECTTONAL PROPERTIES
C

SIJBROUTINE RPROP(NBP,BP)
IMPLICIT REAI*8 (A-H,O.Z)
COMMON ¡IEMPB IATPRTNFIL,IPDELT
DTMENSTON BP(4,20)
CALL RDOIBP,RL,55)
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wrur'e1*,'1¡71gr,"INPUT CROSS-SECTTONAL PROPERTTES FOR EACH TypE"
*),)
\ryRITE(*,',(10X,"TYpE TORS. CONST. Iyy tZZ AREA"

*)')
310 WRrTE(*,'(30X,"(MM^4/10^6) (MM 2)"/)')
330 DO l=l,NBP

WRITE(*,'(10X,t5)')I
J=11
DO K=l,4

J=J+11
CALL RD(INT,BPß,Ð,J)

END DO
END DO
RETURN
END

C
C THIS STJBROUT]NE EDITS MEMBER CROSS.SECTIONAL PROPERTIES
C

SUBROUTINE EPROP(NBP,BP)
IMPLICIT REAL ,*8 (A-H,O-Z)
COMMON ÆEMPB 1/NPRT,NFIL,IPDELT
DTMENSION BP(4,20)
CALL CLSC
wRrrel+,'1¡¡19*,"To MODIFY, rNpUT NEW VAIUE. OTFTERWTSE "RETURN','*)')
WRITE(*,'(//10X,"NUMBER OF BEAM CROSS-SECTTON TypES ",15)')NBp
CALL ED(r.¡BP,55)
wRrrrl*,' 971 9","PROPERTIES OF BEAM CROS S-SECTION TypES ")')
WRITE(*,'(10X,"TYPE TORS. CONST. Iyy rZZ AREA"

*)')
DO I=1NBP

WRITE(*,'(10X,I3,4Fi 1. l/)')1,(BPK,Ð,K= 1,4)
J=l I
DO K=1,4

J=J+11
CAIL EDR(BP(K,T),Ð

END DO
END DO
RETURN
END

C
C THIS SUBROUTINE READS MEMBER fiPE IDENTIFIERS
C

SI'BROUTINE RTYPE(NIFB,IBP,NBP)
IMPLICIT REAI*8 (A-H,O-Z)
DIMENSION IBP(NFB)

DO I=1,NFB
IE=0
J=J+3
rF(J.LE.67)GO TO 445
J=10
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wRIl¡E(*,'(/)')
445 CALLRD(rBP(r)"Rr,J)

IF(IBP(I).LE.O.OR,IBP(I).GT.NBP)THEN
IE=1
WRITE(*,'(10X,''INVALID TYPE, PLEASE RE-ENTER'')')
CALL BACK(2,J)
WRITE(*"(" ")' )
GO TO 445

ELSE
END IF
rF(rE.EQ.0)GO TO 446
wRrTE(*,'(10X," ")')
CAIL BACK(3,1)
wRlrel*"1¿'¡

446 CONTINT'E
END DO
RETI]RN
END

C
C THIS SUBROUTINE EDITS MEMBER TYPE IDENTIFIERS
C

SIJBROUTINE ETYPE(NFB,IBPÀIBP)
IMPLICIT REAL*8 (A-H,O-Z)
DIMENSION IBP(NFB)
WRITE(*,' (8X,2013/)'XIBP(Ð,I=1 NFB)
WRITE(*"Ø',)
I=7
DO I=I,NFB

IE=0
J=J+3
rF(J.LE.67)GO TO 455
J= 10

WRITE(*"(D')
455 CALL ED(rBP(r),Ð

rF0BP(r).LE.0.OR.rBp(r).Gr.NBp)TrrEN
IE=l
wRtTE(*,',(l0x,"rNvAuD TypE, PLEASE RE-ENTER")')
CALL BACK(2,Ð
WRITE(*"(" ") ')
GO TO 455

ELSE
END IF
rF(rE,EQ.0)GO rO 456
wRrrE(*,'(10x," "))
cArL BACK(3,1)
WRIrel* 

" 

ç1'¡
456 CONTINTIE

END DO
RETIJRN
END

C THIS SUBROUTINE SETS CONNECTON STIFFNESSES FOR "PINNED" OR "RIGID''
C READS STIFFNESSES FOR ''LINEAR' CONNECT]ONS, OR READS PARAMETERS AND



C GENERATES MOMENT.ROTATION FLINCTIONS FOR NONLINEAR CONNECTIONS
C

ST'BROUTINE CINFO(JL,IBCT,INB,CS,BFA,BFB,NTA,AMORO,AN,SP,BENDF,
* ROTAT,BENDFAB.R.OTATAB,NTYPEROTAT3,BENDF3,
* ICT,NCOMB,S]GNO,NCOLTNT,NLOADTM,RRNGEOI\O
IMPLICIT REAT*8 (A-H,O-Z)
COMMON /GEN¡VTJ¡IF'B,NFC,NBAND,NEQ,NXM
COMMONMATÆM,GM
COMMON ÆEMPB 1¡\¡PRT,NFIL,IPDELT
COMMON /CON4R,/ R
DTMENSTON rBCr(2,NFB),CS (2NFB),BFA(3 NFB),BFB (3,1.¡¡B),
* csr(2,30),rcTyp(100),p(4,2,30),Fs(2,30),pp(s),AMO(2,NFB),
* RO(2,NFB),AN(2,NFB),SP(2,NFB),BENDF(2,NFB),ROrAr(2,NFB),
* BENDFAB(2,NFB),tTrypE(2,NFB),ROTATAB(2,NFB),pc(5,2,s),
* rNB(2,¡{FB),JL(3,NIJ),ROTAT3(2,NFB),BENDF3(2,NFB),
* rcT(2,r.¡coMB),srGN0(2,NFB),RR(2,NFB)

C
CALL CLSC
GO TO(100,1 10,130,180)NTA

C

C PINNED CONNECTIONS - SET CONNËCTON STIFFNESSES VERY SMALL
c
100 SA=1.8-3

SB=1.8-3
GO TO 120

C
C RIGID CONNECTONS - SET CONNECTTON STIFFNESSES VERY LARGE
c
110 SA=1.0E25

SB=1.0E25
120 DO M=I,NFB

CS(l,lvt)=SA
CS(2,À/t)=SB

END DO
RETIJRN

c
C CONSTANT STIFFNESS CONNECTIONS - INPUT STIFFNESSES FOR CONNECTIONS
C AT START AND END OF ALL BEAMS
C
130 IFG\IFIL.EQ.l)GO TO 140
C
C READ CONNECTION STITTN¡SSES FROM "OLD" INPUT FILE
C

OPEN(2"FILE=',LCSTrF.IN',)
READ(2,*)(CS(r,IO,r=1,2),M= 1,NFB)
cl-osE(2)
GO TO 150

C
C OR INPUT CONNECTON STIFFNESS FOR BOTH ENDS OF ALL BEAMS
C
140 CALL SC

WRITE(*,'(//1OX,"LINEAR ST]FFNESSES FOR THE TWO CONNECTIONS AT TH
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*E''IIOX,''ENDS OF A GIVEN BEAM ARE ASSOCIATED WITH THAT BEAM."/IO
+X,''INPUT STtrFNESSES FOR EACH CONN,-BEAM-CONN. COMBINAT]ON'')')
wRrTE(*,1005)

1 OO.5 FORMAT(//I0X,'TOTAL NUMBER OF CONNECTION-BEAM-CONNECTTON'/IOX
*,'COMBINATIONS:',15)

CALL RDO{COMB,Rr,55)
WRITE(*,' (/lOX, "COMBINATION START CONN. END CONN. "/)')
DO M=l NCOMB

J=r5
wRiTE(*,'(10X,r5)')M
DO K=1,2

I=I+12
CALL RD(INT,CST(K,lvÐ,Ð

END DO
END DO
CALL SC
wRrTE(*,1000)

1000 FoRMATI/l 0x,'coNN. -BEAM-coNN, COMBTNATTONS ( 1, 2, 3, EÎ C.).'* /10X,'IN FOLLO'WING ORDER: A)GS IN z DIRECTION,'*. /10X,'IN ORDER OF INCREASING Z, THEN INCREASING X;'* /1OX,'T}IEN Ð(ES IN X DIRECTION, INCREASING X THEN Z;'+ /IOX,'BOTTOM FLOOR TO TOP',/)
CALL RTYPEôTFB,ICTYP,I.¡COMB)

I50 WRrTE(+,'(i710X,"EDrT LTNEAR CONNECTION STIFFNESSES?"//t0X,"yES
x o¡ NO")')
CAIL YN(IY)
rF(rY.NE.l)GO TO 160

EDIT LINEAR CONNECTON STIFFNESSES

CALL SC
wRrTE(x,1015)

1015 FORMAT(//i0X,'TO MODrFy, INPUT NEW VALlrE. OTTTERWISE "RETURN"/J
wRITE(*,1005)NCOMB
CAIL ED(NCOMB,35)
DO M=l NCOMB

wRrrE(*, I 0 10)M,csT( 1,M),CSr(2,M)
1010 FORMAT(10X,'COMBrNATrON 

"t5,' 
STIFFNESSES 

"zFT 

1.U)

DO I=1,2
J=J+11
CALL EDR(CST(I,M),J)

END DO
END DO

1 60 \ryRITE(+,' (//1 0X, "EDIT CONNECTTON STIFFNESS COMBINATIONS' 71 0X, " y
*ES or NO")')
CALL YN(IY)
IF(rY.NE.l)GO TO 170

CALL SC
wRrTE(*,1015)
CAIL ETYPE(NFB,ICTYP,NCOMB)

170 DO K=1,NFB

c
c
c
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J=ICTYP(K)
cs(1,K)=csr( 1,J)

cs(2,K)=csr(2,J)
END DO

C
C WRITE LINEAR CONNECTTON STIFFNESSES TO ''OLD' INPUT FILE
C

oPEN(2,FrLE=',LCSTTF.IN')
wRrTE(2,*)(CS(r,NO,r= 1,2),M=1,NFB)
cl-osE(2)
RETURN

C
C NONLINEARCONNECTIONS
C
180 F1=1000.

IED=l
C
C INPLTT CONNECTION PARAMETERS
C

IF(NFrL.EQ.I)GO TO 182

C
C READ NONLINEAR CONNECTION PARAMETERS, COMBIN. FROM "OLD'FILE
c
C
C READ NONLINEAR CONNECTION PARAMETERS, COMBIN, FROM "OLD'' FILE
C

rF (NGEOM.EQ.1) GO TO 309
OPEN(2,FILE='CONPARG.IN')
READ(2,*)NCOMB,((rCr(r,À,f),r=1,2),M=1,NCOMB)
READ(2,*)((PG(J,r,r\4),J=1,s),r= 1,2),M= 1 NCOtvß)
cl-osE(2)
GO TO 256

309 OPEN(2,FILE='CONPAR.IN')
READ(2,*)NCOMB
DO M=i,NCOMB

READ(2,*) (ICT(I,l\O,I=1,2)
END DO
DO M=INCOMB

DO I=1,2
READ(2,x) (P(J,I,NÐ,J=1,4)

END DO
END DO
cLosE(2)
co To 258

C
C OR INPUT CONNECTON PARAMETERS AND COMBINATONS
C
182 WRITE(*,1030)
1O3O FORMAT(//IOX,'TFIE CONNECTONS AT TI{E ENDS OF A GIVEN BEAM ARE'

*/IOX,'ASSOCIATED W]TH THAT BEAM. INPUT THE CONNECTION TYPE'
* /l0X,'AND PARAMETERS FOR EACH CONN..BEAM-CONN. COMBINATON'
*/10X,'IF CONNECTION GEOMETRIC PARAMETERS ARE INPUT'
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*/I0X,'TYPE I - DOUBLE WEB ANGLE CONNECTON IS AVAILABLE')
C
C IED = I, READ DATA; 2, EDIT DATA
C

GO rO(176,178)rED
176 WRrTE(x,1005)

CALL RD(NCOMB,RL,55)
GO TO 179

178 WRITE(*,1005)NCOMB
WRITE(+,1015)
cAtL ED(NCOMB,55)
CAIL SC

179 DO M=1,NCOMB

wRrTE(x,'(/l0x,"coMBrNATION ",r3,/10X,"CONNECTION TypE AT "ST
*ART"')')M

185 GO TO(181,184)rED
181 CALL RD(rTPÀ.L,55)

GO TO 183
184 WRITE(*,'(20X,I5/)')ICT0,lvÐ

ITP=ICT(l,tvÐ
CALL ED(ITP,55)

183 IF(tTp.LE.O.OR.lTp.cT.5)THEN
WRITE(*,'(10X,''INVAIID TYPE, PLEASE RE-ENTER'')')
cAIL BACK(2,55)
wRIrEe,'(" ")')
GO TO 185

END IF
ICT(I,NO=ITP
KK_-4
rF (NGEOM.EQ.2) cO rO 303
G O'r O (202,2U,206,208,20ÐI'rP

C
C TI]E FIST TYPE CONNECTION :

C
202 WRITE(*,'(//1OX,"THE FIRST TYPE CONNECTON IS PINNED END''/x 10X, "INPUT RO= I 00,A1\4O=0. i,ANI= 1 O,SP= 1 0000 "/)')

GO TO 212
C
C TF{E SECOND TYPE OF CONNECTION:
C
204 WRTTE(*,'(//10X,"TIIE SECOND TypE OF CONNECT]ONN IS FI)GD END"/* 10X,"INPUT RO=1.08-20,4I4O=1.0E+5,4N=10,SP=10000"/)')

GO TO 21.2

C
C TI]E THIRD TYPE OF CONNECTTON :

C
206 WRITE(*,'(//1OX,"THE THIRD TypE OF CONNECTION"/* i OX,''REFFERENCE ANGLE.R.EFFERENCE MOMENT,AN,PLASTIC STIFFNES S

*" l)')
GO TO 212

C
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C THE FORTH TYPE OF CONNECTION :

C
208 WRrTE(*,'(//10X,"THE FORTH TypE OF CONNECTTON "/* 1OX,''REFFERENCE ANGLE¡EFFERENCE MOMENT,AN,PLASTIC ST]FFNESS

*,,k,)
GO 'tO 212

C

C TI{E FIFTH TYPE OF CONNECTION :

C
209 WRrTE(*,',(//l0X,"THE FIFTTI TypE OF CONNECTTON"/* 

1 OX,"REFFERENCE ANGLE,REFFERENCE MOMENT,AN,PLAST]C STIFFNES S
*, ,/),)

212 GO TO (214,213) rED
2t3 \ryRrrE(*,' (20X,4F I 0.2//r'Xp(J,r,N,f),J= 1,KK)

DO J=1,KK
PP(J)=P(J,r,tvÐ

END DO
CAIL EDPAR(KK,PP)
GO TO 216

214 CALL RDPAR(KK,PP)
216 DO J=1,4

P(J,r,r.[)=PP(J)
END DO
tr(r.EQ.2)cO TO 250
I=3J
CALL CLSC
WRITE(*,'(//IOX,''CONNECTION AT MEMBER ''END' SAME AS AT "START'?

*"/10X,,'\¡ES or NO,'),)
CALL YN(IY)
IF(IY.EQ.2)GO TO 260
DO J=1,4

P(J,I,NO=PP(J)
END DO
ICT(2,M)=ICT(1,1\4)
GO TO 250

303 JJ=-s

C
C DOTIBLE WEB CONNECTION:
c
302 WRrTE(*,'(//10X,"DOUBLE WEB ANGLE CONNECTTON"/* IOX,"ANGLE THICK, GAGE OF COL., ANGLE LENGTH,BEAM DEPIH,NUMBER

X OF BOLTS"/)')
C
3tz Go To (314,313) rED
3 13 WRITE(*,' (20X,4F I 0.2///)'Xpc(J,r,M,J= uJ)

DO J=I,JJ
PP(J)=PG(J,r,N,f)

END DO
CALL EDPAR(JJ,PP)
GO TO 216

314 CALL RDPAR(JJ.PP)
316 DO J=1,5
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PG(J,r,r\O=PP(J)
END DO
rF(r.EQ.2)cO rO 2s0
1=31
CAIL CLSC
WRITE(*,'(//10X,''CONNECTION AT MEMBER ''END" SAME AS AT ''START'?

*"/l0X,"yES or NO',)')
CALL YN(IY)
rF(rY.EQ.2)cO TO 260
DO J=l,5

PG(J,I,NÐ=PP(J)
END DO
rcT(2,M)=rcr(1,M)
GO TO 250

260 WRrTE(*,', ll 0X, "COMB]NATrON ",t3,/10X, " CONNECTTON TypE AT "EN
*D""/)')M

GO TO 185
250 CONTINIIE

END DO
258 WRITE(*,'(//IOX,''EDIT CONNECTTON TYPES A}ID PAIL{ì,íF,TERS?"/1OX,"YE

*S or NO")')
CALL YN(IY)
rF(rY.EQ.2)cO TO 256
CALL SC
IED=2
GO TO 182

C
C READ CONN - BEAM - CONN COMBINATIONS FROM'OLD" FILE
C
256 GO TO(264,26ÐNF[-
262 OPEN(2,FILE='CONCOMB.IN')

READ(2,*XICTYP(À,Ð,M= I,NFB)
cl-osE(2)
GO'rO 266

C
C OR INPUT CONNECTION COMBINATIONS FOR ALL BEAMS
C
264 WRITE(*,1000)

CAIL RTYPE(NEB,ICTYPNCOMB)
C
C EDIT CONNECTION COMBINATIONS FOR ALL BEAMS
C
266 DO M=I,NFB

K=ICTYP(M)
r=tcr(1,K)
J=rcr(2,K)
rBCT(1,t\0=I
rBcr(2,À,1)=J

END DO
wRrral*,'g71gt,"EDtT coNN. - BEAM - CONN. COMBINAIONS'710X,"y

*ES or NO")')
CALL \ìr(rY)



C
C
C
268

rF(IY.EQ.2)GO TO 268
CALL SC
WRITE(*,'(//10X,"CONN. - BEAM - CONN. COMBINAIONS"/10X,r5" COM

+BINATIONS ")')NFB
CALL ETYPE(NFB,ICTYP,NCOMB)

Vr'RITE CONN - BEAM - CONN COMBINATIONS TO 'OLD'' FILE

OPEN(2,FrLE=' CONCOMB.iN',)
wRrTE(2,*XTCTYP(À,Í),M= 1 ÀrFB)
cLosE(2)

COMPLTTE MOMENT-ROTATION FIJNCTIONS FOR NONLINEAR CONNECTIONS

DO M=INFB
K=ICTYP(À,f)
DO I=1,2
rF (NGEOM,EQ.2) GO rO 2U
GO rO(1 90,200,21 0,220,230)rBCT(r,t\.f)
RO(l,M)=P(1,1,1)
AMO(r,M=P(2,r,1)
AN(r,M=P(3,r,1)
sP(r,r\{)=P(4,r,1)
GO TO 240
RO(I,l\f)=P(1,I,2)
AMO(r,N4)=P(2,r,2)
AN(I,l\O=P(3,I,2)
sP(r,M)=P(4,r,2)
GO TO 240
RO(I,NÐ=P(l,1,3)
AMO(r,N4)=P(2,r,3)
AN(I,M=P(3,I,3)
sPG,r\,f)=P(4,r,3)
GO TO Z0
RO(1,À4)=P(1,I,4)
AMO(r,M)=P(2,r,4)
AN(1,À/Ð=P(3,1,4)
sP(I,NÐ=P(4,1,4)
GO TO 240
RO(I,N,Ð=P(1,1,5)
AMo(l,l\O=P(2,I,5)
AN(l,r\,f)=P(3,I,s)
sPG,l\,Ð=P(4,1,5)
GO TO 240
RO(l,NO =PG(1,t,1)**0.595*pc(2,r,1)**(-2.817)*pc(3,r, 1)*** 4.737*PG(4,I,1)xx(-0.784)xPG(5,r,1)**(-5.957)*0.001
AMO(I,NO=PG(1,1,1)*'* l .l 3 6/(PG (2,1,1)* * 1.515)*PG(3,I,1)** 1.139* *pc(4,I,1)**0.258*pc(5,I,1)**0.309

AN(I,À.f) =PG(1,1, 1)**0.522*PG(2,1,1)** i.564/(PG(3,I, Ð** 1.073)/* (PG(4,I,1)*x0.737)*pc(5,t,1)**1.704
sP(l,Nf) =PG(1,1,1)**0.955*PG(2,I,1)xx2.044/(PG(3,1,1)**4.445)*+ PG(4,1,1)**0.327*PG(5,1,1)+*7,555* 1000.

C
C
C

190

200

210

,),)^

230
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u0 CONTINTIE
csr(r,K)=(AMo(r,ro/Ro(r,r,f))*F I

END DO
EN'D DO

SET NONLINEAR CONNECTION FT'NCTIONS FOR ALL BEAMS

DO M=1,NFB
J=ICTYP(IIO
DO I=1,2

cs(r,No=csr(r,J)
END DO

END DO
C
C WRITE NONLINEAR CONNECTION TYPES AND PARAMETERS TO'OLD" FILE
C
280 OPEN(2,FILE='CONPAR.IN')

wRITE(2,*)NCOMB
DO M= iNCON,ß

WRITE(2,*XICT(l,l\,f),I= 1,2)
END DO
DO M=l NCOMB

DO I=1,2
IF (NGEOM.EQ.2) THEN

WRITE (2,*XPG(J,I,l\4),J= 1,5)
co To 305

END IF
wRrrE(2,*) (P(J,r,M),J= 1,4)

305 CONTiNUE
END DO

END DO
cl-osE(2)
CALL FF
rF(NTA.GT.3)cO TO 410
wRrTE(3,', IIOX, "STRUCTURE HAS CONSTANT-STTFFNES S CONNECTTONS' )')
WRITE(3,'(//10X,''LINEAR STIFFNESSES FOR THE TWO CONNECTIONS AT TH

*E''/10X,''ENDS OF A GIVEN BEAM ARE ASSOCIATED }VITH THAT BEAM.'710
*X,"STIFFNESSES FOR EACH CONN.-BEAM-CONN. COMBINAT]ON''/10X,''BEAM* CONNECTION STIFFNESSES'')')
DO M=1NFB

wRrTE(3,10r0)M,CS(1,NO,CS(2,N4)
END DO
RETURN

4 1 O WRITE(3,' (//IOX,"STRUCTURE HAS NONLINEAR CONNECTIONS'') )
WRITE(3,'IIIOX,"THE CONNECTIONS AT TT{E ENDS OF A GIVEN BEAM ARE'

+,/IOX,''ASSOCIATED WITH THAT BEAM, THE CONNECTION TYPES AND''
* /IOX,''PARAMETERS FOR EACH CONN.-BEAM-CONN. COMB]NATION FOLLOW"
* /IOX,"TIIE CONNECTON TYPES ARE AVAILABLE ARE:"
*/15X, "TYPE 1 - TI{E FIRST TYPE CONNECTION''
*/15X, "TypE 2 - 'rrrB SECOND TypE CONNECION"
*/I5X, ''TYPE 3 . TT{E THIRD TYPE OF CONNECTION"
*/I5X, ''TYPE 4 - T}IE FORTH TYPE OF CONNECTION''

C
C
C
270
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*/15X, ''TYPE 5 THE FIFTH TYPE OF CONNECTON")')
wRrTE(3,1005)NCOMB
WRITE(3,'(/I0X,"COMBINATION START CONN. END CONN."/)')
DO M=INCOMB

wRrrE(3,'(sx,3r12) )M,(rcr(r,No,r= 1,2)
END DO
WRITE(3,'II/IOX,"CONNECT]ON PARAMETERS AT START / END OF MEMBER'

*,),)
DO M=1¡{COMB

wRrTE(3,',1lr0x,"coMBrNATroN",(Il0)')M
WRITE(3,' (//l 0X, "REFFERENCE ANGLE; REFFERENCE MOMENT; AN;PLASTI

*c sTrrmmss DEP"),)
END DO
DO M= 1NCOMB

wRrrE(3,7460) (P(J,1,\O,J=1,4)
7460 FORMAT(10X,'START"4X,F8.5,5X,F10.0,1X,F7.1,5X,F7.1)

wRrTE(3,7470) (P(J,2,N,r),J=1,4)

7470 FORMAT(10X,'END"6X,F8.5,5X,F10.0,1X¡7.1,5X,F7. 1)

END DO
CALL FF
wRrrE(3,1000)
wRrrE(3,' (1 0x,(20r3)')(rcryp(À.f),M= l,IIFB)
RETURN

C
ENTRY ITER(JL,INB,IBCT,CS,BFA,BFB ¡.ICOUNT,AMO,RO,AN,SP,BENDF,* ROTAT,BENDFAB,ROTATAB.I.{TYPEROTAT3,BENDF3,NLOADTM,* ICT,NCOMB,SIGNO,RR,NITER)

C
NCOT NT=O

C
rF (NLOADTM.EQ.1) cO TO 1111

C
C MODIFY FI'NCTOINE 2 OR 4 IF NECCESSARY
c
90 DO 128 M=INFB

DO 138 I=1,2
AMl=BENDF(I,NO
Al\4=BFA(3,M)
IF(l.EQ.2) AM=BFB(3,1v0
AAM=BENDFAB(I,ÌO+AM
NTY=N1yp¡9,¡4,
n=IBCT(l,NO
rF(rr.EQ.l.OR.rr.EQ.2) cO rO 138
GO TO (136,137,134,135,138),NTY

136 rF (A3S(BENDF(r,N.0).GT.ABS (AAN.4)) NrypE(r,M)=2
GO rO 138

137 rF(BENDF(r,r\,r).LT.0) cO TO 937
trr(a{l\4.cT.0.0.AÌ\TD.AAM.LT.BENDF(I,\4)) cO TO 138
rF(e,qM,tt.t.t, NTYPE(r,M)=3
IF(,ar,q¡4.Ot.t"*OF(I,M) NTYPE(I,I,0=l
GO TO 138

134 rF (ABS(BENDF3(r,N4)).cT.ABS(À{lW)) NTypE(r,M)=4
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c
C-
C
310
C
C
c
11

GO TO 138

937 rF(AAM.LT.0.0.AND.AAM.GT.BENDF(1,N4)) cOTO 138
IF(AAM.Gr.0.0) NTYPE(I,t\0=3
IF(4,4¡4.tt.""*F(1,À4)) NTypE(r,M)= I
GO TO 138

13-s IF (BENDF3(I,N.0.GT.0.0) cO TO 737
IF (4,4¡4.¡t.t"*F3(I,lVI)) NTYPE(I,M)=3
IF (AAM.GT.O.0) NTYPE(I,N/D=5
GO TO 138

737 IF(AAM.GT.BENDF3(r,M))NTypE(r,N4)=3
IF (A']{l\a.LT.0.0) NTYPE(I,M)=5

138 CONTINT'E
128 CONTINUE
11I I CONTINI'E
C

DO M=INFB
DO I=1,2

NTY=N¡ypgg,N4)
IC=IBCT(I,M)
AM=BFA(3,1\.f)
rF (r.EQ.2)AM=BFB(3,l\O
AMl=BENDF(],M

- SELECT SUTABLE FUNCTION ACCORDING TO ARRAY NTYPE

GO TO (11,21,31,41,51),NTY

FUNCTION FOR TYPE 1

AMS=AM+BENDFAB(l,lio
RC=ROTATAB(l,lvÐ
S CO=AMO (I,N4/RO (I,M)*F 1

CALL ROTATIN (AMO.R.O,AN,SP,BENDF,ROTAT,ROTAT3,BENDF3,I,M,AMS)
RR(l,N,t)=R
RP=(AL4/CS (l,N,f)) *F 1

IFßR(I,NO.EQ.O) TTTEN

cs(I,N,t)=sco
ELSE

CS(1,N4)=DAB S(2xA-il4/(R-RC+RP))*F1)
END IF
R=R-RC
GO TO 50

FLTNCTION FOR TYPE 2

R=AÀ-4/CS(I,NO*FI
RP=R
RR(I,M)=R
cs(I,N,f)=sco
GO TO 50

C
C FUNCTION FOR TYPE 3

C
C
c
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C
31 AMS=AM+BENDFAB(l,lr0

SCO=AMO(I,M/RO G,N4)+F 1

CAIL ROTATIN (AMO,RO, AN,SP,BENDF,ROTAT,ROTAT3,BENDF3,I,M,AMS)
RR(I,l\0=R+(ROTAT(I,M-BENDF(I,lvÐ/SCO*F 1 )
DELTAR=ROTAT(I,lt4)-BENDF(I,NO/SCO*F 1

RT=ROTATAB (I,Nf)-DELTAR
AMM=AMS-BENDFAB (I,N4)

RP=(AMlvlCS(l,M))*F1
IF((R+RP).EQ.0) rHEN

CS(l'N/t)=SCo
ELSE

cs (I,M)=DABS (2. * AÀ4NV(R-RT+RP)*F 1)
END IF
R=R-RC
GO TO 50

C
C FLTNCTION FOR TYPE 4
C
41. R=Atf(CS(r,tOÆ1)

RP=R
RR(I,NÐ=R
cs(I,u;=5ç9
GO TO 50

c
C FLINCTION FOR TYPE 5

C
51 AMS=AM+BENDF(I,IvÐ

RC=ROTAT(l,lvt)
CALL ROTATIN (AMORO,AN,SP,BENDFÀOTAT"R.OTAT3,BENDF3,I,M,AMS)
RR(l,N,f)=R
Rp=(ari4¡gta,tr*tt
IF(O{+RP).EQ.0) THEN

cs(1,N4)=sco
ELSE

cs (I'N4)=DABS(2. *AMS/R-RC+RP))*F1)
END IF
R=R-RC

50 CONTINIIE
C
340 tr(R.EQ.O) GO rO 350

DR=DABS((R-RP)/R)
rF(DR.LT.O.008.AND.NrTER.GT.2) cO TO 350

888 NCOUNT=NCOUNT+I
350 CONTINUE

END DO
END DO
DO M=1,NFB

PRrNT *,M,rNB(1,À.0,NTypE(1,t\4),rNB(2,M)NTypE(2,t\.0

END DO
closE(2)
RETIIRN
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C
C THIS STIBROUTINE CAICTJLATE ROTATION ACCODING MOMENT
C

SUBROUTINE ROTATIN(AI\4O,RO,AN,SP,BENDF,R.OTATßOTAT3,BENDF3,I,M,AMS)
IMPLICIT REAL*8 (A.H,O.Z)
DTMENSTON AMO(2NFB),RO(2,NFB),AN(2 J.rFB),Sp(2ÀrFB),BENDF(2,NFB),,* ROTAT(2,NFB),ROTAT3(zJ.TFB),BENDF3(2,NFB)
COMMON /COlv{R/ R
COMMON /GENAITJNF'B,NFC,NBAND,NEQ,M(M
COMMON ÆEMPB 1/I¡PRT,}IFIL,IPDELT
GUS ß)=SCO*R*((1.-SP(r,MySCO)/+ (( 1.+DABS((1./RO(I,il4)-SP(l,I\4)/AMO(l,N,f))*R)**AN(I,À,Ð)* **(1./AN(I,\.f)))+SP(I,N4)/SCO)-AI\4S

s co= AMo (r,N4)/Ro (r,tvÐ
F1=1000.
R00=-5.00
R01=5.00

40 EPS=1.0E-5
FR00=cus(R00)
FROl=GUS(RO1)
rF(FROO*FRO1.LT.0.D0) THEN

55 R02=(R00+R0I)/2.0
FRO2=GUSß02)
IF(FR02*FR00.LT.0.D0) TF{EN

FROl =FR02
R01=R02

ELSE
FRO0=FR02
R00=R02

END IF
IF(ABS(FR02).LT.EPS) cO TO 104
co To 55

104 CONTINUE
ELSE

WRITE(*,101)
101 FORMAT(2X,'NOTHTNG')

END IF
R=RO2
RETURN
END

C
C THIS SUBROUTINE READS NONLINEAR CONNECTION PARAMETERS
c

SUBROUTINE RDPAR(KK,PP)
h,IPLICIT REAL*8 (A.H,O-Z)
DIMENSION PP(5)
J= 15

DO K=I,KK
I=J+12
CALL RD(INT,PP(K),J)

END DO
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RETURN
END

C
C THIS SUBROUTINE EDITS NONLINEAR CONNECTION PARAMETERS
C

ST'BROUTINE EDPAR(KK,PP)
IMPLICIT REAL*8 (A-H,O-Z)
DTMENSION PP(5)
J= 15

DO K=l,KK
I=I+12
CALL RD(INT,RL,J)
rFßr.NE.0.)PP(K)=RL

END DO
RETURN
END

C
C THIS SUBROUTINE PERFORM ARRAY NTYPE ETC.
C

SUBROLNINE FI'NCTY(INB,BENDF,ROTAT,BENDFAB ßOTATAB J.ITYPE,ROTAT3,* BENDF3)
IMPLICIT REAL*8(A-H,O-Z)
COMMON/GENNVTJ NF'B,NFC ¡IB AND,NEQ,}Ð(M
coMMoN /coMl/ NLOAD
DTMENSTON BENDF(2,NFB),ROrAT(2NFB)¡mypE(2,NFB),R OrAr3 (2,NFB),* BENDF3(2,NFB),INB(2,NFB),BENDFAB(2,NFB),ROTATAB(2,NFB)
DO 7l M=I,NFB
DO 81 I=1,2

NTYPE(I,M)=1
BENDF0,IvD=0.
BENDFAB(I,N,f)=0.
ROTAr(I,N,Ð=0.
ROTATAB(r,M)=0.
ROTAT3(r,M)=0.
BENDF3(I,À4)=0.

81 CONTINUE
71 CONTINUE

RETIIRN
END

C$INCLUDE SOLVER,FOR
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C

C
C
C

THIS SUBROUTINE PERFORMS AN ASSEMBLY OF THE COLUMN
STIFFNESS COEFFICIENTS FOR EACH INDIVIDUAL COLUMN.

SLIBROUTINE COL( CN, INC, ICP, SS ,PP, NITER, NLOADTI\4)
IÌ\4PLICIT REAL'*8 (A-H,O-Z)
COMI\4ON /MAT/ EM, GM
coMMoN /sECT/ BP(4,20), CP(4,20)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ,NXM
COMMON /IPT/ NST, NBAYI, NBAY3
]NTEGER V, M, U, L
DIMENSION CN(3,NTJ), INC(2,NFC), SSOIXM), ICP(NFC), PP(NFC)

KK(LI,M1,L3,M3) = (3xll -3+M1 + L3 - M3¡**O + 3*M1 +M3 -3
DO 100 I = I, NXM
ss(r) = 0.D0

C
C

IOO CONTINI,E
MM= I
MN = NFC/I'JST
DO 3OO N = I, NST
M=(N+I)*NTJ/(NST+l)
V = N*NTJ/(NST + I)
DO 310 J = MM, MN
CALL CELM( J, CN,ICP,INC, A, B, C, D, E, F, G, H, P, Q,
I U, L, V, M,ZU, XU,ZL,XL,DL)
rF (NTTER.EQ. l.AND.NLOADTM.EQ. 1) pp(J)=0.D0

PL=PP(J)/DL

Q=Q+DL+DL*PLl30
c=c-DLt:DL*PLl/.5
D=D-DL+PLlIO
F=F-1.2*PL
K = KK(U,U,I,l)
ss(K)=ss(K)+A
K = KK(U,U,2,2)
SS(K¡=5516;*3
K = KK(U,U,3,3)
SS(K)=ss(K)+C
K = KK(V,U,1,3)
ss(K)=ss(K)+D
K = KK(V,U,2,2)
ss(K)=ss(K)-E
K = KK(V,U,3,2)
SS(K)=SS(K)+XU'*E
K = KK(V,U,3,3)
ss(K)=ss(K)+zu+D
K = KK(V,V,1,1)
ss(K)=ss(K)+F
K = KK(v,v,2,2)
ss(K)=ss(K)+G
K = KK(V,V,3,1)
ss(K)=ss(K)+zu+F

169



K = KK(V,V,3,2)
ss(K)=ss(K)-xu'ic
K = KK(V,v,3,3)
SS(K) = SS(K) + (ZU'ki'2)+F + (XU++2)*G + H
K = KK(L,U,l,1)
ss(K)=ss(K)-A
K = KK(L,U,2,2)
SS(K)=sS(K)+P
K = KK(L,U,3,3)
SS(K)=ss(K)+Q
K = KK(L,V,z,2)
ss(K)=ss(K)-E
K = KK(L,V,2,3)
SS(K)=SS(K)+E'-XL
K = KK(L,V,3,1)
sS(K)=551¡1;*¡
K = KK(L,V,3,3)
ss(K)=ss(K)+D+zL
K = KK(L,L,1,1)
ssK)=ss(K)+A
K= KK(r-,L,2,2)
SSK)=SS(K)+B
K = KK(r_,L,3,3)
SSK)=sS(K)+C
K = KK(M,U,1,3)
ss(K)=ss(K)-D
K = KK(I\4,U,2,2)
ss(K)=ss(K)+E
K = KK(M,U,3,2)
ss(K)=ss(K)-xL+E
K = KK(M,U,3,3)
Ss(K)=551¡1¡-2¡¡o
K = KK(M,V,1,1)
sS(K)=ss(K)-F
K = KK(M,V,1,3)
ss(K)=ss(K)-zL+F
K = KK(M,V,2,2)
ss(K)=ss(K)-G
K = KK(M,V,2,3)
ss(K)=ss(K)+xLxG
K = KK(M,V,3,I)
ss(K)=ss(K)-zL*F
K = KK(M,V,3,2)
ss(K)=ss(K)+xL*G
K= KK(M,V,3,3)
ss(K) = ss(K) - zL++2*F -XL'*'*2+G - H
K= KK(M,L,1,3)
sS(K)=551¡1;-¡
K = KK(M,L,2,2)
SS(K)=SS(K)+E
K = KK(M,L,3,2)
ss(K)=ss(K)-xLxE
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310

K = KK(M,L,3,3)
ssK)=ss(K)-zL+D
K = KK(M,M,1,1)
SS(K)=5516¡*¡
K = KK(Ì\4,M,2,2)
Ss(K)=551ç¡*6
K = KK(M,M,3,1)
ss(K)=ss(K)+zL+F
K = KK(I\4,N{,3,2)
ss(K)=ss(K)-xL+G
K = KK (M,M,3,3)
SS(K) = SS(K) + (ZL+42)+F + (XL+i 2)+c + H
CONTINUE
MM=MN+l
MN = (N+I)*NFCNST
CONTINTIE
RETT]RN
END

THIS SUBROUTINE COMPUTES THE STIFFNESS COEFFICIENTS
FOR EACH COLUMN MEMBER

SUBROUTINE CELM(J,CN,ICP,INC,A,B,C,D,E,F,G,H,
l P, Q,U,L, V,M,ZU,XU,ZL,XL,DL)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
COMMON /MAT/ EM, GM
coMMON /SECT/ BP(4,20), CP(4,20)
DIMENSION CN(3,NTÐ, INC(2,NFC), ICPG\TFC)
INTEGER V, M, U, L
REAL*8 11, 12, 13

MP = ICP(J)
l1 = çP11,¡oa,
12 = CP12,t",
13 = CP(3,MP)
AA = CP(4,MP)
L = rNC(1,Ð
U = INC(2,J)
XI = CN(l,L)
Yl = 6¡12,¡;
zl = ç¡13,¡¡
x2 = ç¡ç11,U¡
Y2 = c¡12,1r,
22 = C¡13,u,
X3 = CN(l,1\.f)
Y3 = CN(2,lvt)
23 = CN(3,1\,0

C
C
C
C
C

C
C

C
C
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2t)

xa = c¡11,y¡
Y4 = CN(2,v)
24 = cN(3,V)
DL=DABS(Y2-YI)
ZU=22-24
XU=X2-X4
zL=zt -23
XL=XI .X3
P = 2.O*EM*I2/DL
B = 2.0*P
E = 1.5"8/DL
G = 2.0*E/DL
Q = 2.0+EM*13/DL
c = 2.0'rQ
D = I,s+C/DL
F = Z,Ù+DIDL
H = GM*II|DL
A = AA*EM/DL
RETTJRN
END

THIS SUBROUTINE PERFORMS AN ASSEMBLY OF TI{E
STIFFNESS COE¡TICMNTS FOR EACH INDIVIDUAL BEAM
MEN,{BER INTO THE STRUCTURE STIFFNESS MATRIX.

SUBROUTINE BEAM( CN, INB, IBP, SC, SS )
IMPLICIT REAL+8 (A.H,O-Z)
CON,IMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ,NXN,I
COMMON APTINST, NBAYl, NBAY3
COMMON /MAT/ EM. GM
coMMoN /SECT/ BP(4,20), CP(4,20)
DIMENSION CN(3,NTJ), INB(2,NFB), SS(NXM), IBPôTFB), SC(2,NFB)

KK(LI,N41,L3,M3) = (3+Ll - 3+Ml + L3 - M:;+*O + 3xM1+M3-3
l\4M = I
It{N = NFBî.ìST
DO 100 N = l, NST
DO 200 M = N,lM, MN

SA, SB ARE THE CONNECTION STIFFNESS AT END A AND B
OF BEAM. IF TFIE CONNECTION IS ASSIIMED TO BE RIGID,
SA AND SB IS SET TO A VERY LARGE NI'MBER IN SUBROUTINE CINFO.

sA=sc(1,M)
SB=SC(2,1\O
CALL BELM( M, CN,INB, IBP, SA, SB, S1, 52, 53, 54, 55, S22,

.r s44, R.l t, R22, R23,R32, R33, I, j )

C
C
C
c
C
C
C
C

C

C

C

C
C
C

C
c
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K = KK(J,J,1,1)
ss(K) = ss(K) + Rl lxsl+Rl I
K = KK(J,J,2,1)
SS(K) = SS(K) + Rl lx(-S2)*R23
K = KK(J,J,2,2)
SS(K) = SS(K) + R22*S3*R22 + R23'iS4xR23
K = KK(J,J,3,1)
ss(K) = ss(K) + R33x(-s2)*Rl I
K = KK(J,J,3,2)
SS(K) = 551¡ç; + R32*S3*R22 + R33+S4*R23
K = KK(J,J,3,3)
SS() = 551¡¡ + R32*S3*R32 + R33{'S4*R33
K = KK(J,I,1,I)
SSK) = SS(K) + R1 1'ts(-Sl)+R1 I
K = KK(J,I,1,2)
ss(K) = 551¡ç¡ + Rl l*(-S22)+R23
K= KK(J,I,I,3)
ss(K) = ss(K) + Rl l*(-s22)*R33
K = KK(J,I,2,1)
SS(K) = SS(K) + R23 *S2*Rll
K = KK(J,1,2,2)
SS(K) = SS(K) + R22+(-S3)*R22 + R23'IS5*R23
K = KK(J,I,2,3)
SS(K) = SS(K) + R22x(-S3)xR32 + R23xS5xR33
K = Iß(J,I,3,1)
ss(K) = ss(K) + R33 *S2*R11

K = KK(J,r,3,2)
SS(K) = SS(K) + R32*(-S3)*R22 + R33+S5*R23
K = KK(J,I,3,3)
SS(K) = ss(K) + R32*(-S3)*R32 + R33*S5*R33
K = KK(I,1,1,1)
ss(K) = ss(K) + R11+Sl*Rl1
K = KK(Ì,1,2,1)
SS(K) = 551¡ç¡ + R23+S22*Rl I
K = KK(I,I,2,z)
SS(K) = SS(K) + R22*S3*R22 + R23+S44+R23
K = KK(r,t,3,1)
ssK) = ss(K) + R33*S22*R11
K = KK(I,I,3,2)
SS(K) = SS(K) + R32*S3'¡R22 + R33*S44+R23
K = KK(1,1,3,3)
SS(K) = SS(K) + R32{'S3+R32 + R33*S44*R33

2t]O CONTINUE
MM=N4N+1
MN=(N+l)*NFBl,lST

1()O CONTINUE
RETLTRN
END

C
C
C
C THIS SUBROUTINE COMPUTES T}IE STIFFNESS COEFFICIENTS
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C FOR EACH BEAM MEMBER.
C
C

SUBROUTINE BELM( M, CN,INB, IBP, SA, SB, S1, 52, 53, 54
1s22, s44, Rl I, R22, R23, R32, R33, I, J)
IIT4PLICIT REAL'i8 (A-H,O-Z)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, I.{EQ, NXM
COMI\4ON /MATÆM, GM
coÀ4MoN /sEcT/ BP(4,20), CP(4,20)
DIMENSION CN(3,NTJ), INB(2,NFB), IBP(NFB)
REAL*8 I1, 12, 13

s5.

C
C

10

20

MP = IBP(M)
r1 = BP(l,MP)
12 = 3P12,*,
13 = BP(3,MP)
AA= BP(4,MP)
I = INB(I,M)
J = rNB(2,M)
Xl = CN(l,I)
Yl = cN(2,Ð
zl = CN(3,I)
x2 = cN(l,Ð
Y2 = ç¡12,¡
22 = CN(r,Ð
R11 =1.
R22 = 1.0
R23 = 0.D0
R32 = 0.D0
R33 = l.
IF ( 21 .EQ. Z2) GO'[O 10
DL = DABS(ZI - ZZ)
R72 = 0.
R23 = -1.

R32 = 1.

R33 = 0.D0
GOTO 20
DL=DABS(XI - X2)
CONTINT]E
coM=DL**4/( I 2.'kEMx*2*I3**2)+DL++3/(3.xEM*I3,*SA)

lì+ DL*x3l(3.+EM+13*SB) + DL+*2/(SA*SB)
s-5=(DL,r *3/(6.*EMxt3)/COM

S2=(DLxx2l(2.xEM*13)+DL/S A)/COM
S4=(DL*+3/(3.*EM*I3)+DL**2/S A)/COM
522=(DL* * 2/ (2."8M*I3)+DL/SB)rcOM
S3=GM*I1lDL
S44=(DL*+3/(3.+EM"I3)+DL**2/SB)iCOM
S 1=(DL/(EM*I3)+1./SA+ 1./SB)/COM
RETI'RN
END



C THIS SUBROUTINE SETS THE SUPPORT CONDITION BY ASSUMING
C THAT TIIE BUILDING IS RIGIDLY CONNECTED TO THE FOLTNDATION
C

SUBROUTINE SPT( SS, JL ,NLOADTM,NITER)
IN4PLTCIT REAL*8 (A-H,O-Z)
COMI\4ON /GEN/I\ITJ,NFB,NFC,NBAND,NEQ,NXM
COMMON /IPT,ô{ST, NBAYl, NBAY3
COMMON ÆEMPB I/IIPRT,NFIL,IPDELT
DIN4ENSION SS(NXM), JL(3,NTJ),rSR(20)
REAL*8 JL
KK(Ll,l\4I,L3,M3) = (3*Ll - 3*M1 + L3 - M3)+NEQ + 3*M1 + M3 -3

C
C IF USING OLD INPUT FILE,READ FROM ''SUPPORT.IN''
C IF ISR(I)=O, I\,ßAI\ FIXED END
C IF ISRO)=l, l\,ßAI\ PINNED ABOUT X AXIS
C IF ISR(I)=2, À,ßA}{ PINNED ABOUT Z AXIS
C IF ISR(I)=3, MEAN PINNED ABOUT X AND Z AXIS
C

NS=NTJ-NTJ/(NST+ 1)+NST- I

C
IF (NFrL.EQ.l) cO TO 50

C
OPEN(2,FILE='SUPPORT,IN')
READ(2,*) (tSR(t),t=l,NS)
cI-osE(L.rNrT=2)
GO TO 90

C
C OTHERWISE INPUT THE INFORMATION
C
50 CALL CLSC

wRrrnl*,'1¡71¡¡,"rNpuT suppoRT coNDITroN"//X IOX,'']NPUT O FOR FIXED END''/+ IOX,"INPUT I FOR PINNED IN X AXIS''/+ IOX,''INPUT 2 FOR PINNED IN Z AXIS"/+ r0x,"rNPUT 3 FOR ptNNED rN BOTH OF X AND Z AXIS")')
DO I=1.NS

ISR(l)=0
END DO
DO I=l,NS

j=NTJ/(NST+1)*NST+I

WRITE(*,' l/1 0X," NUN4BER OF TFIE JOINT : ",15)') J

\ryRrTE(x,',(//10X,"rS TFIE JOINT FrXED ?:")')
CALL YN(IY)
rF0Y.EQ.1) cO rO 150
WRITE(*,'(10X,"IS THE JOINT FIXED IN X ?:")')
CALL YN(IY)
IF(IY.EQ.1) GO TO 140
ISR(I)=lSR(l)+l

14t.) WRrTE(x,'(lOx,"rs Tt{E JorNT FIXED ìN Z ?:")')
CALL YN(IY)
rF(rY.EQ.l) co To 150
ISR(D=ISR(I)+2
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I5() CONTINTIE
END DO

90 OPEN (2,FILE='SUPPORT.IN')
IF(NLOADTM.EQ, l.AND.NITER.EQ. I) THEN
wRITE(3,', (//5X, "'," * x * * BOUND AIìY CONDITJON * * +++ "//
't 10X,"0:FOR FIXED END"/* 10X,"1:FOR PINNED IN X AXIS"/
'" 10X,"2:FOR PINNED IN Z AXIS"/
'r' 10X."3:FOR PINNED IN BOTH OF X AND Z AXIS
wRrTE(3,r20)

120 FORMAT(/5X,',JOrNT NO."5X,'SUPPORT',)
DO I=1,NS

J=NTJ/(NST+ I )+NST+I
vr'RrTE(2,*) rSR(t)
wRrrE(3,r30) J,rsR(r)

END DO
r30 FORMAT(7X,r3, 1 l X,r2)

ENDIF
cLosE(2)

C
NS = NTJ/(NST + l) +NST + I
NNS=NTJ-NTJ/(NST+ I)+NST. 1

DO 5 N= NS, NTJ
rF (N.EQ.NTÐ cO TO 500
L=l
K = KK(N,N,L,L)
ss(K) = 1.0D20
JL(L,N) =JL(L,N)*1.0D20
ICS=ISRCN-NS+l)
rF(rcs.EQ.O) co ro s00
rF0cs.EQ.r) THEN

L=2
GO TO 60

END IF
IF(ICS.EQ.2) THEN

GO TO 60
END IF
IFOCS.EQ.3) TÈIEN

GOTO5
END IF

60 K = KK(N,N,L,L)
ss(K) = 1.0D20
JLQ,N) =r1¡,¡q¡* 1.¡P2g
GOTO5

500 Do L=1,3
K = KK(¡I,N,L,L)
ss(K) = 1.0D20
JL(L,N) =JL(L,N)* 1.0D20

END DO
5 CONTINUE

RETURN

')')
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C
C
C

C

c
C
C

END

THIS SUBROUTINE SOLVES TFTE LINEAR FORCE-DISPLACEMENT
EQUATIONS BY CHOLESKY-DECOMPOSITION METHOD.

SUBROUTINE EQN (CN, A, JD,DISP,ROT)
IMPLICIT REAT*8 (A-H,O-Z)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
COMMON /IPT/ NST, NBAY1, NBAY3
DIMENSION A(NXM), CN(3,NTJ),DISP(3,NTJ),ROT(3,NTJ)
REALXS JD(NEQ)

C
C

DO M=1,NTJ
DO I=1,3

DISP(I,l\0=0
ROr(I,M)=0

END DO
END DO

9 NM=NEQ-I
MS = NBAND
JWT=6
DO 200 K=I.NM
PIVOT = A(K)
MR = MIN0(MS,NEQ-K+ 1)

DO 180 L=2,MR
LK = (L_I)*NEQ+K
C = A(LK)ÆlVor
rF(c) 150,180,150

150 r=0
J=K+L-1
DO 160 JL=L,MR
I=I+l
u=(I- 1)*NEQ+J
JLK=(JL- I)+NEQ+K

160 A0Ð = A(IJ)-A(JLK)+C
180 A(LK) = C
2()O CONTINT-rE

C
C ' FORWARD SUBSTITUTION ' (LD)*Y=B TO STORE Y IN JD O
C

Ml = MS-I
JD(l) = JD(I)/A(1)
Do 20 I=2,NEQ
L=MAX0(l,I-M1)
SUI\4 =0.
II=l+l
I l=I- I
DO 10 K=L,11
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t0
2t)
C
C
c

C
C
c
C
C

J=lI-K
JK=(J- I)*NEQ+K
SUN4=SUM+A(JK)*JD(K)+A(K)
CONTINTJE
JD(r)=(JD(r)-SUM)/A(r)

, BACK SUBSTITUTION ' LTR*X=Y TO STORE X IN JD O

DO 40 KK=l,NM
I=NEQ-KK
I I=MINO(NEQ,I+MI)
SUM=0.
L =I+l
DO 30 K=L,II
J=K-l+l
JI=(J- 1),"NEe+r
SUM = SUM+A(JI)*JD(K)

30 CONTINLIE
JD(l) = tPl¡¡-5UN{

40 CONTINUE
wRrTE(+,300)

300 FORMAT(//5x,' +++++*+ JOINT DISPLACEMENT '//
'q5x,'JOINT',6X,'TRANS X1',lH',7X,
&'TRANS X2"1H"7X,'TRANS X3" IH'//)

TRANSLATE DISPLACEMENT AT MASTER NODE TO
FOR PRINTING DISPLACEMENT VALLJES

NSTT=NST+1
NODE=1

DO 55 N=I, NSTT
MSN=N*NTJ/}¡STT
Nlt4SN=ltlSN- 1

Kl=3*N4SN-2
K2=Kl+l
K3=K2+1
TX=JD(K 1)

TZ-JD(K2)
RY=JD(K3)

DO 60 J=NODE, NMSN
zU=CN(3,J)-CN(3,MSN)
XU=CN( I,J)-CN( 1,MSl.{)
TRANX=TX+ZU*RY
TRANZ=TZ -XU*RY
Il=3+J-2
l2=ll+1
13=12+l
DISP(I,J)=TRANX
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DISP(2,Ð=JD01)
DISP(3,J)=TRANZ
WRITE(*,310) J. TRANX,JD(r I ),TRANZ

60 CONTINUE
NODE=MSN+l

55 CONTIMJE
3 1 0 FORN4AT(5 x ,13 )X ,3Fl 5 .21

&3F15.5)
VTRITE(+,301)

301 FORMAT(//5X,'****+ JOINT ROTATION * n+++* 
' //

&5x,'JOINT ',-sX,' ROT-Xl ',lH','7X,' ROT-X2 ',lH',7X,
NODE=1
DO 56 N=I,NSTT
Ii4SN=N*NTJÂ.{STT
NMSN=MSN-I

C
K l=3*MSN-2
K2=Kl+1
K3=K2+l
RY=¡¡1ç3;

C

DO 6l J=NODE,NMSN
ll=3* J -2
12=11+1

13=12+1

ROT(1,Ð=JD(I2)
ROr(2,Ð=RY
ROr(3,Ð=JD(I3)

6030 wRrTE(+,3 l 1) J,JD(r2),Ry,JD(r3)
61 CONTINTIE

NODE=MSN+1
56 CONTINTJE
3 I I FORMAT(5X,Ì3, lX,3Fl5.5)

RETI'ITN
F,NI)

ROT-X3 

"1H')

C
C THIS SUBROUTINE IS FOR ADDING AND OTIRPUTING RESTILTS
C

SUBROUTINE OUT(INB,INC,JL,BFA,BFB,CFA,CFB,AMO,RO,BENDF,ROTAT,* BENDFAB,ROTATAB,NTYPE,ROTAT3,BENDF3,NLOADTM,DISP,,I. ROT,RR,NTA)
IMPLICIT REAL*8(A-H,O-Z)
COMMON /GENATTJ,NFB,NFC,NBAND,NEQ,NXM
COMMON IPTAIST,NBAYl,NBAY3
COMMON ¡IEMPB I/}¡PRT,NFIL,IPDELT,NX 13

COMMON /COM1/ NLOAD
coMMoN /coM9/ CFAFC
Dfi\4ENSION rNB (2,NFB),ROTAT(2,NFB),RR(2,NFB),
* BENDF(2,NFB),ROTATAB(2,NFB),BENDFAB(2,NFB),BFB(3,NFB)
'i,NTypE(2,NFB),ROTAT3(2.NFB),BENDF3(2,NFB),AMO(2,NFB),
't RO(2,NFB),BFA(3,NFB),ROr(3,NTÐ,DrSp(3,NrJ),BFAC(3,300),x BFBC(3,300),CFA(3,NFC),CFB(3,NFC),CFAC(3,300),
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+ cFBC(3,300),CFAFC(3,300),CFBFC(3,300),rNC(2,NFC)
*,DISpC(3,300),DrSpFC(3,300),ROTC(3,300),ROTFC(3,300)
* ,BFAFC(3,300),BFBFC(3.300)
REAL*8 JL(3,NTJ)

C
rF(REAL(NLOADTMy2.EQ.REAL(NLOADTM/2)) cO rO 100

CALL CLSC
IF((NLOADTM+ I)i2.LT.NLOAD) cO TO 100
WRITE(*,'(/I0X,"RËSULTS OF CLJRRENT LOAD PRINTTED? YES or NO:")')
CALL YN(NY)

1OO CONTINUE
Fl=1000.

C
rF(r{EAr(NLOADTMy2.EQ.REAL(|ÍLOADTN4/2) cO TO 333
oPEN(2,FILE='FROTAT.OUT')
DO l0 M=I,NFB

DO 20 l=l ,2
IF(NTA.NE.4) THEN

RR(l,M)=0.
END IF
NTY=NTYPE(I,II4)
GO TO (t 1 ,22,33,22,1 I),NTY

I I ROTAT(I,IVT)=RR(I,M)
ROTATAB (I,I\O=ROTAT(I,M)
co To 66

22 RoTATAB(I,N4)=ROTATAB(I,M)+RR(I,M)
co To 66

33 ROrAr3(r,M)=RR(r,M)
ROTATAB O,M)=ROTAT3(I,M)

66 CONTiNUE
WRITE(2,1055) ROTAT(r,t\4),ROTAT3(t,M)

20 CONTINTJE
IO CONTINT,]E

cLosE(2)
105-s FORMAT(2Fl-s.5)

IFG\ILOADTM.cE.3) cO TO 444
DO K=l,NTJ

DO I=l,3
DISPFC(I,K)=DISP(I,K)
DISPC(I,K)=DISP(I,K)
ROrC(r,K)=Ror(r,K)
ROTFC(I,K)=ROT(I,K)

END DO
END DO
DO M=1,NFB

DO I=1.3
BFAC(I,M)=BFA(I,M)
BFAFC(I,M)=BFAO,M)
BFBCO,M)=BFB(I,M)
BFBFC(I,M)=BFB(I,M)

END DO
END DO
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DO M= I,NFC
DO I= I,3

cFAC(t,NO=CFA(I,M)
CFAFC(I,M)=CFA(I,I\4)
CFBC(I,N/Ð=CFB0,M)
CFBFC(I,M)=CFBO,M)

END DO
END DO

r 085 FORMAT(3F t2.2,3F 12.5)
OPEN(2,FILE='FMOMENT.OUT')
DO 2028 M=l,NFB

BENDF( I,M)=BFA(3,M)
BENDF(2,I\4)=BFB(3,M)
DO 2029 t=\ ,2

BENDFAB (I,I\4)=BENDFO,NO
NTYPE(I,M)= 1

BENDF3(r,M)=0.
wRrTE(2,2030) BENDF(r,t\4),BENDFAB (r,t\0,BENDF3(l,M),* NTYPE(I,M)

2029 CONTINT'E
2028 CONTINIIE

cLosE(2)
GO TO 1099

2030 FORMAT(3F15.2,3r5)
2031 FORMAT(2Fl s.2)
c
333 OPEN(2,FrLE='BFAB2.OUT',)

DO M= I,NFB
wRrTE(2,203 r) BFA(3,M),BFB(3,NO

END DO
cl-osE(2)
GO TO 17

C
444 DO M=NTJ*((NLOADTM- l)/2)+ 1,NTJ*((NLOADTM+ 1)/2)

DO I=1,3
DIsPC(l,M)=DISP(I,M-NTJ*(NLOADTM- I )i2)
DISPFC0,I\4)=DISPFC(I,M-NTJ)+

'* DISP(I,M-NTJ*(NLOADTM- 1y2)
ROTC(I,M)=ROT(I,M.NTJ"(NLOADTM- I )/2)
ROTFC(I,M)=ROTFC(l,M-NTJ)+

+ ROT(I,M-NTJ+(NLOADTM- t)/2)
END DO

END DO
oPEN(2,FrLE=',FMOMENT.OUT')
DO 1088 t\4=1,NFB
DO 1089 I=1,2

NTY=NTYPE(I,M)
GO TO (103 1, 1032,1033,1032, 1032),NTy

l03r rF(r.EQ.1) TF{EN
BENDF(I,I\4)=BENDF(I,M)+BFA(3,NA)

ELSE
BENDF(l,M)=BENDF(l,rvl)+BFB(3,rvl)
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END IF
BENDFAB (I,M)=BENDF(I,I\,f)
GO TO 3089

.1032 rF(r.EQ.1) THEN
BENDFAB0,M)=BENDFAB(1,N4)+BFA(3,M)

ELSE
BENDFAB0,M)=BENDFAB(l,M)+BFB(3,N4)

END IF
co To 3089

1033 tr(r.EQ. l) rHEN
BENDF30,M)=BENDF3(I,M)+BFA(3,M)

ELSE
BENDF3(I,M)=BENDF3(I,M)+BFB(3,M)

END TF

BENDFABO,M)=BENDF3(I,M)
3089 WRrTE(2,2030) BENDF(r,t\0,BENDFAB(r,M),BENDF3(r,NO,NTypE(r,M)
1089 CONTINUE
IO88 CONTINUE

DO M=NFB*((NLoADTM- l)/2)+1,NFB*((|ILOADTM+ 1)/2)
DO I= 1,3

BFAC(I,M)=BFA(l,M-NFB *(NLOADTM- I )/2)
BFBC(I,M)=BFB (I,M-NFB* (NLOADTM- I )/2)
BFAFC(I,M)=BFAFC(I,N,I-NFB)+

* BFA(I,M-NFB*(NILOADTM- ly2)
BFBFC(I,M)=BFBFC(I,M-NFB)+

* BFB(I,M-NFB+0\TLOADTM- 1y2)
END DO

END DO
cl-osE(2)
DO M=NFC+(NLOADTM_ t)/2)+ 1,NFC'.((NLOADTM+ 1)/2)

DO l=1,3
cFAC(l,M)=CFA(I,M-NFC*(NLOADTM- 1)/2)
CFBC(I,M)=CFB(I,M-NFC+(NLOADTM- 1Y2)
CFAFC(I,M)=CFAFC(I,N,I-NFC)+* CFA(r,M-NFC+(NLOADTM_ 1y2)
CFBFC(I,N,T)=CFBFC(I,M-NFC)+

+ CFB(I,M-NFC*(NLOADTM- 1y2)
END DO

END DO
IO99 CONTINI'E
2032 FORMAT05)
4025 CONTINT-rE

wRrrE(3,900)
DO M=l,NFB

WRITE(3,950) M,(NLOADTM+1)/2,INB(1,M),RR(l,M),INB(2,M),RR(2,M)
END DO

900 FORMAT(///10X,' ,***+ BEAM END ROTATJON *++*'//
*5X,'BEAM NO.',3X,'LOADCASE"2X,'START JO."3X,'ROTATION 

"3X,
*'END JOINT'3X,'ROTATION,')

950 FORMAT(8X,t2, 10X,r1,8X,r2,7X,F8.6,6X,r2,7X,F8.6)
IF((NLOADTM+ I )/2.LT.NLOAD) GOTO 77

350 WRITE(3,300)
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300 FoRMAT(//12X,' **+++++ JOINT DISPLACENßNTS x*++++*',//
A5X,'JOINT',2X,'LOAD',8X,'X-TRANS 

"7X,'Y-TRANS',8X,'Z.TRANS')wRfTE(3,303)
303 FORMAT(12X,'CASE',9X,'(rnrn)',1 lX,'(rnrn)',1 1X,'(rnrn)'/)

NSTT=NST+1
NODE=1
DO 5005 N=l,NSTT

MSN=NXNTJÂ.{STT
NMSN=MSN-1
DO 50IO J=NODE,NN4SN

IF(NY.NE. r) GO TO 340
wRrrE(3,3 10) J,(DTSPC(r,J),r= 1,3)
DO L=2,NLOAD

WRITE(3,33 I 0)L,(DISPC(l,NTJ*(L- 1)+J),1=1,3)
ËND DO

340 DO L=I,NLOAD
IF(L.GT.l) GO TO 3366
rF(NY.EQ.1) cO TO 3366
WRITE(3,3360)J,L,(DISPFC(I,NTJ*(L- 1 )+J),I= 1,3)
co To 3365

3366 WRITE(3,3320)L,(DISPFC(I,NTJ+(L-1)+J),1=I,3)
3365 CONTINTJE

END DO
310 FORMAT(4X,I2,7X,' I 

" 

1X,3F 15.2)
3360 FORMAT(4X,r2,7X, ,',C"3F15.2)
3310 FORMAT(12X,r2,1X,3F15.2)
3320 FORMAT(r2X,t2,'C"3F15.2)
50IO CONTINTJE

NODE=MSN+l
5OO5 CONTINTJE
370 WRITE(3,301)
301 FoRMAT(//14X,', 't'*x'*+xx JOINT ROTATIONS ****++* )//

&5X,'JOINT"2X,'LOAD"8X,' X-ROT 

"8X,' 
Y-ROT 

"8X,' 
Z-ROT' D

v/RrTE(3,312)
312 FORI\4AT(12X,'CASE"5X,',(RAD*10^3)"5X,',(RAD+10^3)"5X,'(RAD*10^3)

NODE=l
DO IOO5 N=l,NSTT

MSN=N+NTJÂ.,lSTT
NMSN=MSN.1
DO IOIO J=NODE,NMSN

IF(NY.NE.l) cO TO 360
wRrrE(3,329) J, ROrC(1,J),ROrC(2,Ð,ROrC(3,Ð
DO L=2,NLOAD

WRITE(3,3330)L,(ROTC(I,NTJ*(L- 1 )+J),I= 1,3)
END DO

360 DO L=I,NLOAD
rF(L.cT.1.OR,NY.EQ.l) cO TO 3376
WRITE(3,3370)J,L,(ROTFC0,NTJ+(L- 1)+J),I= 1,3)
co To 3375

3376 WRITE(3,3340) L,(ROTFC(I,NTJ+(I--l)+J),1=1,3)
337 5 CONTTNIIE
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END DO
329 FORMAT(4X,r2,7X,',1"1X,3F15.5)
3370 FORMAT(4X,r2,7X,r1,'C"3F15.5)
3330 FORÌ\,IAT(12X,t2,1X,3F15.5)
3340 FORMAT(12X,r2,'C"3Fls.5)
1010 coNTINttE

NODE=MSN+I
IOO5 CONTINLIE
3.5.5 CONTIN'IJE

wRrTE(3,69)
69 FORMATI//10X,' *+++ BEAM END FORCES AND MOMENTS +*xx'//

,i,20x. +++:+ START ++++.'

'*.5X,'BEAM NO. 

" 

1X,'JOINT" I X,'LOAD"IOX,'AXIAL" I2X,'MX" I3X,'MZ')
wRrTE(3,199)

199 FORMAT(2OX,'CASE',10X,'(kn)',1 lX,'(kn-rn)',9X,'(kn-rn)'/)
DO 606 M=I,NFB

rF(l\rY.NE.1) cO TO 4360
WRITE(3,4329) M,rNB(1,M), (BFAC(r,À4),r= 1,3)
DO L=2,NLOAD

wRITE(3,4330)L,(BFAC(I,NFBx(L- l)+lVI),I= 1,3)
END DO

4360 DO L=I,NLOAD
rF(L.cT.l.OR.NY.EQ.l) cO TO 4376
WRITE(3,4370)M,INB(1,NO,L,(BFAFC(l,NFB*(L- I)+lrzl),1= 1,3)
GO TO 4375

4376 WRITE(3,4340) L,(BFAFC(I,NFB*(l--1)+M),I=1,3)
437 5 CONTINIIE

END DO
4329 FORMAT(7X,r2,6X,r2,5X,' 1 

" 

1X,3F 15.2)
4310 FORMAT(7X,r2,6X,t2,5X,n,',C"3F15.2)
4330 FORMAT(21X,t2,1X,3F15.2)
4340 FORMAT(21X,I2,'C"3F15.2)
M6 CONTINUE

wRrrE(3,68)
68 FORMATI//10X,', *x** BEAM END MOI\,ßNTS **'È*'//

*20x,'+*** END *++x'//
X5X,'BEAM NO,', IX,'JOINT',1X,'LOAD"IOX,'AXIA]-"I2X,'MX"13X,'I\42')
wRrrE(3,199)
DO 67 M=I.NFB

rF(NY.NE.1) cO TO 5360
wRrTE(3,4329) M,rNB(2,N4), (BFBC(r,M),r= 1,3)
DO L=2,NLOAD

WRITE(3,4330)L,(BFBc(l,NFBx(L- 1)+M),I= 1,3)
END DO

53ó0 DO L=l,NLOAD
rF(L.cT.1.OR.NY.EQ.1) cO TO 5376
WRITE(3,4370)M,lNB(2,M),L,(BFBFC(I,NFB*(I-- 1)+M),I= 1,3)
GO TO 5375

5376 WRITE(3,4340)L,(BFBFC(I,NFB'k(L-l)+N4),1=1,3)
5375 CONTINUE

END DO
67 CONT]NT]E
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wRrTE(3,35)
3.5 FORMAT(//IOX,'+*X COLUN/ff\ OUT-OF-PLANE END FORCES ***'

+ //11)X,'++++ LOWER-END x*x;r'l/
*.5X,'COLUMN"3X,'JOINT', I X,'LOAD" 1OX,' AXIAI', 12X,'MX" 13X,'MZ')
wRrTE(3,r99)
DO 99 M=I,NFC

rF(NY.NE.1) cO TO 6360
wRrTË(3,4329) M,rNC(t,t\Ð, (CFAC(r,M),r=1,3)
DO L=2,NLOAD

WRITE(3,4330)L,(CFAC(l,NFC+(L- 1)+M),I=1,3)
END DO

6360 DO L=I,NLOAD
rF(L.cT.1.OR.NY.EQ. t) cO TO 6376
WRITE(3,4370)M,INC( l,M),L,(CFAFC(I,NFC'F(L- I )+NO,I= 1,3)
co To 6375

6376 WRITE(3,4340) L,(CFAFC(I,NFC*(L-1)+M),I=1,3)
6375 CONTINUE

END DO
99 CONTINL]E

wRrTE(3,34)
34 FORMATI/10X,'*** COLUMN OUT-OF-PLANE END FORCE AND MON,ßNT +++'l//

:¡ l9x,'+++* UPPER_END x***'//
X5X,'COLUMN"3X,'JOINT" 

I X,'LOAD" 1OX,'AXIAL" IzX,' MX"I3){,' MZ')
wRrrE(3,199)
DO 109 M=l,NFC

rF(NY.NE.1) GO TO 7360
wRrrE(3,4329) M,rNC(2,M), (CFBC(r,M),r=1,3)
DO L=2,NLOAD

WRITE(3,4330)L,(CFBC(I,NFC+(L- I )+M),I= 1,3)
END DO

7360 DO L=I,NLOAD
rF(L.GT.1.OR.NY.EQ.1) cO TO 7376
WRITE(3,4370)M,INC(2,1\,Ð,L,(CFBFC(I,NFC*(L- I )+M),I= 1,3)
co To 7375

7376 WRITE(3,4340)L,(CFBFC0,NFC*(L-1)+M),I=1,3)
7375 CONTINUE

END DO
109 CONTINUE
C
77 CONTINIJE

RETI]TTN
END

C
C DETERMINE LOADING OR TINLOADING AND PERFORM SOME ARRAY
c

SUBROUTINE L,]NLOAD(IBCT,CS,AMO,RO,AN,SP,BENDF,ROTAT,BENDFAB,BENDFL
* NTYPE,ROTAT3,BENDF3,SIGNO,NLOADTM)
IMPLICTT REAI*8 (A-H,O-Z)
COMMON/GEN/ NTJ,NFB,NFC,NB AND,NEQ,NXM
DIMENSION BENDF(2,NFB),ROTAT(2,NFB),BENDFAB(2,NFB),BENDFL(2,NFB),,i NTYPE(2,NFB),SIGNO(2,NFB),ROTAT3(2,NFB),BENDF3(2,NFB),
* cs(2,NFB),AMO(2,NFB),RO(2,NFB),AN(2,NFB),Sp(2,NFB),
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+ IBCT(2,NFB)
C

oPEN(2,FÌLE='FROTAT.OUT',)
DO K= I,NFB

DO I= 1,2

READ(2,7 l) ROTAT(r,K),ROTAT3(r,K)
END DO

END DO
71 FORÀ4AT(2F15.5)
722 FORÌ\,IAT(3F12.2,3F 12.5)

cLosE(2)
77 I OPEN(2,FILE='FMOI\4ENT.OUT')

REWIND(UNIT=2)

DO 80 M=I,NFB
DO 90 l=1,2

READ(2,72) BENDF(I,M),BENDFAB(I,M),BENDF3(I,M),NTYPË(I,M)
90 CONTINUE
80 CONTINUE
72 FORMAT(3F15.2,315)
777 FORMAT(2FI -5.2)

cl-osE(2)
oPEN(2,FrLE='BFAB2.OUT',)
DO M=I,NFB

RE AD(z,7 77) (BENDFL(r,t\,f),t= 1,2)
END DO
cl-osE(2)
DO 10 M=I,NFB
DO 20 I=1 ,2

n=rBCT(r,M)
rF 0t.EQ.t.oR.n.EQ.2) co To 20
IF (NTYPE(I,M).EQ. I) TIIEN

SIGN()(I,I\O=BENDFL(I,M)*BENDF(I,Nf)
rF(srcN0(r,M).cE.0.0) co To 20
NTYPE(I,M)=2
GO TO 20

END IF
IF (NTYPEO,M).EQ.3) THEN

SIGNO(I,M)=BENDFLO,M)*BENDF3 (I,T'f)
rF(srGN0(r,l\.0.GE.0.0) co ro 20
NTYPE(I,M)=4
GO TO 20

END IF
20 CONTINUE
10 CONTINTJE

DO 30 M=I.NFB
DO 401=I,Z

JJ=NTYPEO,M)
II=IBCT(I,M)
IF ( .EQ.1.OR.I.EQ.2) cO TO 40
IF (JJ.EQ.l) RC=ROTAT(Ì,M)
IF (JJ.EQ.3) RC=ROTAr3(I,M)
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IF (JJ.EQ.1) THEN
SCO=AMO(I,M)/RO(I,NO* 1000.
SPP=ABS( 1/RO(l,M)-SP(l,l\0/0{O(l,M)*SCO)+RC)xxAN(l,M)
CS(I,M)=SCo+((l -sP(I,M)/SCo)/((t +Spp)**( l/AN(r,M)))+o SP(l,M)/SCo)-SCO*SPP/( I+SPP)**( l+ l/AN(l,NO)

END IF
40 CONTINUE
30 CONTINTIE

RETLIRN
ENT)

CSJINCLUDE BMF.FOR



C
C TI]IS SUBROUTINE COMPLIE TIIE BEAM END FORCES.
C

SUBROUTINE BMF ( CN, INB, IBP, SC, JL, BFA, BFB)
IMPLICIT REAL*8 (A-H,O.Z)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
coMMoN /sECr/ BP(4,20), CP(4,20)
coMMoN /I4AT/ EM,GM
coMMoN,/TEMPB IArPRTNFIL,IPDELT,NXI3
DIMENSION CN(3,NTJ), INB(2,NFB), JL(3,NTJ), BFA(3,NFB),

1 BFB(3,I.ÌFB), IBPGTFB), SC(2,NFB)
REAL *8 JL

C
FACTOR=1000,

C
4449 DO 30 M=1, NFB

SA=Ss11,t
Se=ss12't
CALL BELM(M, CN,INB, IBP, SA, SB, S1, 52, 53, 54, 55,

l\522,544, R11, R22, R23, R32, R33, I, J)
F1 = S1*R11*(JL(1,J) - JL(1,0) - R23*(S2*JL(2,J)+5224n Q,I))

1 - R33't(S2*JL(3,J)+S22*JL(3,I))
BFA(I,\4) = BFA(I,M) - F1
BFB(l,ND = BFB(I,ÌvÐ + F1
Ft = S3*R22*(JL(z,J) _ ILe,t)) + S3*R32*(JL(3,J) _ JL(3,Ð)
BFA(2,M = BFA(2,N,[) - Fl
BFB(2,IU)=BFB(2,M+F1
BFB(3,N.! = BFB(3,tvf) - Rl1*S2*(JL(1J) - JL(1,I))

1 + R23*(S4*JL(2J) + S5*JL(2,Ð) + R33+( S4*JL(3J) +
i s5*JL(3,r))
BFA(3,I\O = BFA(3,ÌVÐ - Rl l'tS22*(JL(1J) -JL(1,Ð)
1+ R23*(S5*JL(2,J) + S44*JL(2,I)) + R33*(S5*JL(3,J)
1 + S44*JL(3,I))

30 CONTINT'E
PRINT 35

35 FORMATI///5X,' *t'i'*'* BEAM END FORCES AND MON/ENIS ***x+'//
á17X,'x*++ A_END **x+'//
á5x,'BEAM NO.',2X,'JOINT',1 1X,'P2',14X,'M1',1 1X,'M3'/)
DO 40 K= I,NFB
BFA(2,K)=BFA(2,K)ÆACTOR
BFA(3,K)=BFA(3,K)ÆACTOR
BFB(2,K)=BFB(2,K)ÆACTOR
BFB(3,K)=BFB(3,K)/FACTOR
PRrNT 45,K,rNB(1,K),( BFA(J,K), J=1,3)

45 FORMAT(Sx,14,5X,14,1x,3F15.2)
40 CONTINUE

wRITE(*,36)
36 FORMA^fUlll5x,'**{'+* BEAM END FORCES AND MOÀ/ßNTS x**+x'//

& 17X,'***** B_END +*r*+'//
&5x,'BEAM NO.',2X,'JOINT',10X,'P2',14X,'M1', 14X,'M3 )
DO 41 K=I,NFB
PRINT 46, K,rNB(2,K),(BFB(J,K),J=1,3)
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46
4l
44

C
C
C
C
c
C
C
C

FORMAT(5x,I4,6X,I3,1 X,3F15.2)
CONTINTIE
FORMAT(2F15.2)
RETI-,RN
END

THIS SUBROUTINE COMPUTES THE COLUMN END FORCES
AND MOMENTS FOR EACH COLTA4N. TIIE END FORCES AND MOMENTS
ARE PRINTED AS OUT-OF-PLANE AND IN-PLANE VECTORS SEPERATELY.

SI'BROUTINE CMF (CN, INC, ICP, JL, CFA, CFB, CIA, C]8, PP, NLOADTM,* NITER)
IMPLICIT REAL*8 (A.H,O-Z)
COMMON ÂPTl NST, NBAYINBAY3
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, N)(M
coMMoN /SECT/ BP(4,20), CP(4,20)
COMMON ÆEMPB IA]PRT,NFIL,IPDELT,NXI 3
DTMENSTON CN(3,t!-rÐ, rNC(2,NFC), JL(3,t {rJ), ppO[FC),

1 CFA(3,¡¡r'C), CFB(3 NFC),CrA(3,NFC), CrB(3,NFC), rCp(NFC)
REAL *8 JL
INTEGER V,M,U,L

C
OPEN(4¡ILE='COLMOME.OUT' )
FACTOR=1000.

4453 DO l0 K = 1, NFC
DO 20 KK = 1,3
CFA(KK,K) = 0.D0
CFB(KK,K) = 0.D0
CIA(KK,K) = 0.D0
clB(KK,K) = 0.D0

20 CONTINUE
10 CONTINUE

MM= I
MN = NFC/IST
DO 30 N=1,NST
M = ( N+1 )*NTJ/ (NST + 1)
V = N*NTJ/(NST + l)
DO 40 J=MM,MN
CALL CELM ( J, CN,ICP, INC, A, B, C, D, E, F, G, H,
I P, Q, U, L,V,M,ZU, XU, ZL, )(L, DL)
PL=PP(J)/DL

Q=Q+DL*DL*PLl30
c=c-DL*DL*PLt,5
D=D-DL*PLl10
F=F-1.2*PL
Fl = A*(JL(1,LD - JL(l,L)
cFB(i,Ð=Fl + CFB(I,J)
CFA(1,J) = - Fl + CFA(I,J)
IF (NITER.EQ. LAND.REAL(NLOADTIvI2).NE,REAL(NLOADTM)p) TI]EN
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PP(J)=PP(J)+CFA(1,J)
END IF
cFB(2,Ð = CFB(2, J) + E+(JL(2,V) - JL(3,V)*XU) -
l (JL(2,ilÐ - JL(3,NO*)o) - B*JL(2,Lr) - P*JL(2,L)
CFA(2,J) = CFA(2,J) + E*(JL(2,V) - JL(3,V)*XLD -

1 (JL(z,NO - JL(3,1\.f)*)o) - P*JL(2,LI) - B*JL(2I)
CFB(3,I) = CFB(3,J) + D*(-JL(1,N0 - JL(3,nr¡*7¡¡ -

1 (-JL(l,V) - JL(3,V)*zU) + C*JL(3,U) + Q*JL(3,L)
CFA(3,J) = CFA(3,J) + D*(-JL(I,N4) - JL(3,À,D*ZL) -
1 (-JL(l,V) - JL(3,V)*ZU) + Q*JL(3,1) + C*JL(3,L)
Fl = F*( _JL(1,V) _ JL(3,V)*ZL¡) _ D+(IL(3,Ð + JL(3,L)
1 - F*(-JL(1,M) - JL(3,N,I)*ZL)
CIB(I,J)=CIB(1J)+F1
cIA(1,J)=CIA(1,Ð-F1

F1 = G*( JL(2,V) _ JL(3,V)+XLD + E*(_JL(2,U)
r- G*(JL(2,ÀO - JL(3,r\4)*XL) + E*(-JL(2,L)
CIB(2,J)=CIB(2J)+F1
CIA(2,J)=CIA(2,J)-Fl

Fl = H*(JL(3,V) - rl-(3,1vÐ)
CIB(3,Ð=CIB(3,J)+F1
cIA(3,Ð=CIA(3,J)-Fl

40 CONTINUE
MM=MN+ 1

l\4l{ = (N+I)*NFC¿{ST
30 CONTINTIE

PRINT 35

35 FORMATI///5x,'**** COLUMN OUT-OF-PLANE END FORCES AND MOMENTS'//
$17X,'*'*** L_END ****'//
a5x,'COLUMN',4X,'JOINT',1 0X,'P1', 13X,'M2',1,3x,' M3')
DO 50 NN = l, NFC
cFA(2ÀrN)=CFA(2NìÐÆACTOR
CFA(3,NN)=CFA(3,NI.ÐÆACTOR
cFB (2,IINI)=CFB (2,NÌ.ÐÆACTOR
CFB (3 NN)=CFB(3,N|ÐÆACroR
PRINT 36,NN,rNC(1 NN),(CFA(K,NN),K=1,3)

36 FORMAT(5x,I4,6X,13,1X,3F15.2)
50 CONTINUE

wRITE(*,34)
34 FORMAT(///5x,'*** COLUlvl\¡ OUT-OF-PLANE END FORCE AIID MOMENT *** '//

&17X,'**** U_END *+*+¡ '//
&5x,'COLIIMN',4X,'JOINT',10X,'Pl',13X,'M2',13X,'M3')
DO 51 NN=l NFC
wRrTE(*,37)NN,rNC(2N¡g,CFB( 1,Nt 0,CFB(2,NN),CFB (3 À¡NÐ

37 FORMAT(5x,14,6X,I3,1X,3F15.2)
51 CONTINIIE

RETTIRN
END

c
C SUBROI,-TTINE LOAD PROCESSES LOADING INFORMATION.
C FIXED END FORCE VECTOR IS COMPUTED,
C ENTRY STATEMENT IS USED FOR RELOAD THE STRUCTL]RE
C FOR NONLINEAR ANAIYSIS.
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C
C

SUBROUTINE LOAD(CN, INB, IBP, CS, JD, AJL, BFA, BFB, AMLC,
áAMLU, MU, MJ, MC,NLOADTÀO
ÌMPLÌCIT REAL*8 (A-H,O-Z)
COMMON /GEN/NTTJ, NFB, NFC, NBAND, NEQ, NXM
COMMON /À4AT/EM, GM
coMMoN /coM8/ BFAA(3, 100),BFBB(3,100)
coMMoN /sECr/BP (4,20), CP Ø,n)
COMMON /ALOAD/NLJ, NLMC, NLMU, NLTI, NLT2, NLT3
COMMON /TEÀ,PB IATPRTNFIL,IPDELTNXI3
DIMENSION CN(3 ¡{rJ), rNB(3,NFB), rBpOrFB), CS (2NFB), ID(3,NrÐ,

áAJL(3,NLTl), BFA(3,NFB), BFB(3,t¡FB), AMLC(2,NLT2),
áAMLU(NLT3), MUOü-T3), MC(NLr2), MI(NLr1)
REAIXS JD,I3
CHARACTER ESC*I
ESC=CHAR(27)

C
FACTOR=1000.
IFOILOADTM.EQ. 1 ) T1IEN

wRrTE(3,35)
35 FORMAT(//5X,'*{'** LOAD COMBINATION AS INPUT **xx')

END IF
CAIL CLSC
WRITE(*,'(i7I0X,"INPUT LOADING INFORMATION"\)')
TFßEAL(l\TLOADTT4/2).NE.REAL(N'LOADT\4)2.AìVD.NLOADTM.GT, 1 ) TIIEN

NFIL=2
NFIIL=2
GO TO 888

END IF
WRITE(*,'(//10X,"DO YOU WANT NEW LOAD SYSTEM? yES or NO :',),)
CALL YN(NFIIL)

C
C NEW SCREEN
888 CALL CLSC

trArLJ.EQ.0)GOTO 100
C
C
C INPUT JOINT LOAD AND STORE IN A TEMPORARY
C JOINT LOAD VECTOR.
C

rF (NrFrL.EQ.1.OR.NFrrL.EQ.1) cO TO 2000
wRITE(x,'(//10X,"rNpUT JOrNT LOAD INFORMATION"\)')
wRrTE(*,',(/10X,"JOINT NO.",5X,"FORCE",4X,"FORCE OR MOMENT",

&2X,"FORCE OR MOMENT")')
C

oPEN(2¡lLE='LOADOFJO.IN')
DO 10 J=INLJ
READ(2,*) N,P,T,B
PRINT 1O22N,P,T,B

1022 FORMAT(12X,t3,6X,F8.2,4X,F1 0.2,8X,F10.2)
1002 FORMAT(7X,r3,6X,F8.2,4X,F10.2,8X,F10.2)
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MJ(J)=N
AJL(1,J)=P
NLQ,t)='r
AJL(3J)=B

10 CONTINIJE
cl-osE(LrNrT=2)
GO TO 2092

C
2000 DO 2055 J=I,NLJ

CALL SC
2050 WRITE(*,'lllOx,"LOADED JOINT NUMBER:")')

CALL RD(N¡L,55)
C
2051 WRITE(*,'lll0X,"FORCE:")')

CALL RD(INT,P,s5)
C
2052 WRITE(*,'lllOx, "FORCE OR MOMENT:")')

CALL RD(ÌNT,T,55)
c
2053 WRITE(*,'(//10X,"FORCE OR MOMENT:")')

CAIL RD(INT,B,55)
C

MJ(J)=N
AJL(1J)=P
AIL(2,J)=r
AJL(3,J)=B

2055 CONTINUE
2092 CONTINIIE
C
C EDIT ABOVE INPUT ?

C

IFßEAI(\TLOADTI\4/2).NE.REAIAILOADTI\On.AIVD.NLOADTM.GT. 1)GO TO 2200
C

wRrTE(*,11 l5)
l115 FORMAT(//10X,'EDIT iNPUT? YES or NO:')

CALL YN(IY)
rF (rY.NE.1) GO rO 2200
CALL CLSC
WRITE('*'1020)

1020 FORMAT(//10X,'TO MODIFY,TNPUT,NEW VALUE')
DO J=INLJ

CALL SC
WRITE(*,'(//10X,"LOADED JOINT NLÌ\4BER"/))
wRrrE(*,'(10x,rs)') Ml(J)
CALL EDM(J),55)

C
wRrTE(*,', 0710X,"FORCE"/) )
wRrTE(*,',(10XF10.2)') a¡a11,¡
CALL EDR(AJL(1,Ð,55)

C

wRtTE(*,'(//10X,"FORCE OR MOMENT"/)')
wRrTE(*,'(1OX,F10.2)' ) NL(z,J)
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CALL EDR(AJL(2,J),55)
C

wRrTel'*,'17716¡,"FORCE OR MOMENT"T')
wRrrE(*,'(t0x¡10.2)') AJL(3,Ð
CALL EDR(AJL(3,Ð,ss)

END DO
2200 OPEN(Z,FILE='LOADOFJO.IN')

IF(REALôTLOADTN4)/2.EQ.REALOI-OADTM2) GO T O 2233
WRITE(3,646) (NLOADTM+ 1 )/2

646 FORMAT(/5X,'LOAD CASE"zX,I3)
wRrrE(3,666)

666 FORMAT(/5X,'JOTNT LOADTNG')
wRrTE(3,1001)

lOOI FORMAT(/sX,'JOINT NO."5X,'FORCE"5X,'FORCE OR MOMENT',3X,* 'FORCE OR MOMENT')
2233 DO 2062 J=1NLI

IFßEAL(NLOADT]\O/2.EQ.REAIÀTLOADTÀ42) CO T O 2U4
'wRrrE(3,1002) MJ(J),AJL(i,J),AJL(2Ð,AJL(3,Ð

2U4 WF-r'tE(z,*) MJ(J),AJL(1,Ð,AJL(2,J),AlL(3,Ð
2062 CONTINUE

cl-osEGrNrT=2)
2065 CONTINITE
C
100 rF(NLMC.EQ.0) cOrO 200
C
c
C ]NPLTT CONCENTRATED GRAVITY LOAD ON BEAM
C AND STORE IN A TEMPORARY BEAM LOAD VECTOR
C

IF (NÌFrL.EQ.1.OR.NFrrL.EQ. 1) GOTO 2070
OPEN(IÌNIT=2,FILE='CONCENTR.IN')
PRINT 1OO3

1OO3 FORMAT(//10X,' CONCENTRATED GRAVITY LOAD ON BEAM71OX,
á' BEAM NO. 

"5X,'LOAD"'(kÌ9"5X,'DISTANCE 
FROM A_END"'(rn)')

C
DO 20 M=1, NLMC

READ(2,*) N, P, AL
PRINT 1OO4N,P,AI

1004 FORMAT(15X,r5,5X,F10.2,16X,F10.2)
MC(lvl)=N
AMLC(1,I\.f)=P
AMLC(2,lto=AI+FACTOR

20 CONTINUE
cl-osEGrNrT=2)
GO TO 2085

2070 DO 2079 M= 1,NLMC
2075 WRITE(*,'lllOX,"BEAM NO.:")')

CALL RD(N,RL,55)
C
2076 WRITE(*,'(//10X,"LOAD:")')

CAIL RD(INT,P,55)
C
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2077 WRITE(*,'(//IOX,"DISTANCE FROM A-END:")')
CAIL RD(INT,AI,55)

C
MC(l\O=N
AMLC(1,NO=P
AMLC(2,N,f)=AI*FACTOR

2079 CONTINUE
2O8O CONTINUE
C

wRrTE(*,lI t5)
CALL YN(IY)
rF (rY.NE.1) cO TO 2085

2081 WRITE(*,'(//I0X,"CONCENTRATED LOAD TO EDTTED')')
CATL CLSC
wRrTE(*,1020)
DO M=1NLMC

CALL SC
WRITE(*,'(//10X,"BEAM NO.: ")')
wRrTE(*,', (1 0X,rs)') MC(l\4)
CALL ED(MC(NO,5s)

C
WRII'-E(*,'(//1 0X,"LOAD: ")')
WRITE(*,'(1OXF10.2)') AlvfLC(1,M)
CALL EDR(AMLC(1,NO,55)

c
WRITE(*,'lll0X,"DISTANCE FROM A-END:")')
WRITE(*,'(10x¡10.2)') e1ya61r,t
cAIL EDR(AÌV[C(2,\4),55)

END DO
C
2085 OPEN(LINIT=2,FILE='CONCENTR.IN')

wRrrE(3,1003)
DO 2086 M=1,NLMC
WRITE(2,*) MC(N0,Arvn C(1,M,AMLC(2,M)ÆACTOR
wRrrE(3,1004) MC(r\4),AMLC(1,t\.0,AMLC(2,NDÆACTOR

2086 CONT]NUE
2087 CONTINUE
C
200 IFG\ILMU.EQ.0) GOTO 300
c
C
C INPUT TINIFORMLY DISTRIBUTED LOAD ON BEAM
C AND STORE IN TEMPORARY BEAM LOAD VECTOR
C

FACTOR=1000.
IF (NFIL.EQ. 1.OR.NF[L.EQ.1) GOTO 3000
oPENGTNIT=2,FILE=',LTNTFORML.IN"STATUS='OLD')
PRINT 1OO5

100.5 FORMATI/10X,'UNIFORMLY D]STRIBUTED LOAD ON BEAM'/
á IOX,'BEAM NO.',7X,'LOAD')

C
DO 30 M=1, NLMU
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READ(2,*) N, P
PRINT 1OO6,N, P

1006 FORMAT(gX,r5,5X,F10.2)
W(lvÐ=N
Al\4I-u(N,f)=PÆACTOR

30 CONTiNI]E
GOTO 3040

3OOO CAIL CLSC
DO 3030 M=1,NLMU

CALL SC
wRrl¡E(*,'(//l0x,"BEAM NUMBER")')
CAIL RD(N,RL,55)

C
wRrTE(*,', (//1 0X,"LOAD ")')
cArL RD(rNr,P,55)

C
MU(M)=N
AMLU(lio=PÆACTOR

3O3O CONTINIJE
1000 ÌVRITE(*,'(//10X,"EDIT INPUT ? YES o¡ NO:")')

CALL YN(IY)
rF (rY.NE.1) GOTO 3040
CALL SC
wRrTE(*,'(t0x,"uNrFoRM LOAD TO BE EDITED"))
WRITE(*,1020)
DO M=IÀ]LMU

wRtTE(*,' l/1 0x, "BEAM NUMBER")')
WRITE(+,' (1 0X,I5)') lvflJ(lyÐ
CAIL EDMUO,Ð,55)

C
wRrTE(+,'(//10X,"LOAD")')
WRITE(*,'(10X¡10.2)',) AMLU0\,O*FACTOR
CAIL EDR(Alvfl-,55)
AMLU(N/Ð=AML/FACTOR

END DO
c
3040 OPENGTMT=2,FILE='UNIFORML.IN',STATUS='t NKNOWN')

wRrTE(3,656)
wRrTE(3,1005)

656 FORMAT(/5X,'LOAD CASE 1')
DO 3045 M=I,NLMU

WRITE(2,*) MU(N.O,AMLU(I\.O*FACTOR
WRITE(3,1 006) MU(À4),AMLU(No*FACTOR

3045 CONTINT]E
3O5O CONTINIJE

cl-osE(2)
C
3OO CONTINLIE

ENTRY RELOAD(CN,INB,IBP,CS,JD,AJL,BFA,BFB,AMLC,AMLU,MU,MJ,MC)
C
C ZERO BEAM END FORCE VECTOR
C

195



40
C
C
C

50
c

C
C
C

60
C
400
c
c
C
C
C

DO 40 M=1, NFB
DO 40 MM=1, 3

BFA(MM,il,f)=0.0
BFAA(MM,N4)=O.O
BFB(MM,N4)=0.0
BFBB(MM,I,t)=0.0
CONTINUE

ZERO JOINT LOAD VECTOR

DO 50 J= 1,1.{TJ

DO 50 JJ=1,3
JD(JJ,J)=0.0
CONTINIIE

rF(NfLJ.EQ.0) cOTO 400

APPLY INPI-N JOINT LOAD TO JOINT LOAD VECTOR

DO 60 J=I, NLJ
K=MJ(J)
JD(1,K)=4jL¡i,¡1
JD(2,K)=¡112,¡¡
JD(3,K)=AJL(3,J)
CONTINIJE

IF G\.rLMC.EQ.0) GOTO 500

COMPUTE FIXED END FORCE DTIE TO CONCENTRATED GRAVITY LOAD,
AND STORE IN FI)GD ENID FORCE VECTOR AND ADD TI]E NEGAT]VE
TO THE JOINT LOAD VECTOR.

DO 70 M=1,NLMC
K=MC(IO
P=AIV{I-C(I,NÐ
AL=AMLC(2,N4)
sA=cs(1,K)
sB=CS(2,K)
CALL BELM(K,CN,INB,IBP,SA,SB,S I,S2,S3,S4,S5,S22,S44,R1 1,R22,

áR23,Ri2"R 33,r,J)
IRZ=R22
IR3=R23
rF(rR2.NE.0) DL=DABS(CN(1,r)-CN(1,Ð)
tr(rR3.NE.0) DL=DABS(CN(3,r)-CN(3,J)
BL=DL-AI
À,P=lBP(K)
r3=BP(3,MP)
DB I =(P*AL**3)/(3.*EM*I3)+(P*AL**2xBL)/(2.*EM*l3)+(P*DL*AL)/SA
DB3=P* éJ¿* +21 (2.*EM*I3)+(p*AL)/SA
PBFI=52*DB3-S 1*DB 1

PBF3=S2*DB 1-S4*DB3
PAFl=-(P+PBF1)
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PAF3=-(P*AL+DL*PBF 1+PBF3)
BFA(1,K)=BFA(1,K)+PAF1
BFAA( I,K)=BFAA(1,K)+BFA(1,K)
BFB(1,K)=BFB(1,K)+PBPi
BFBB(1,K)=BFBB(1,K)+BFB(1,K)
BFA(3,K)=BFA(3,K)+PAF3
BFAA(3,K)=BFAA(3,K)+BFA(3,K)
BFB(3,K)=BFB(3,K)+PBF3
BFBB(3,K)=BFBB(3,K)+BFB(3,K)
JD(1,Ð=JD(l,D-PAF1
JD(1,J)=JD(1,Ð-PBF1
rF(rR3.NE.0)cOrO 6s
JD(3,I)=JD(3,Ð-(PAl¡3*R33)
JD(3,Ð=JD(3,Ð-(PBF3*R33)
coTo 70

65 CONTINIIE
JD(2,I)=rO12,¡-1p¿¡r3 +*rÐ
JD(2,J)=JD(2,J)-G'>BF3*R23)

70 CONTINUE
C
500 IF(NLMU.EQ.0)RETI'RN
c
C COMPUTE FDGD END FORCE DT]E TO LTNIFORMLY DISTRIBUTED
C LOAD VECTOR, AND STORE IN TI{E BEAM END FORCE VECTOR.THE
C NEGATIVE OF THE FI>GD END FORCE VECTOR IS ADDED TO TTIE
C JOINT LOAD VECTOR
C

DO 80 M=1, NLMU
K=MU(I\4)
SA=C511,¡1¡
SB=c512,ç¡
W=AMLU(M)
MP=IBP(K)
I3=BP(3,MP)
cALL BELM(K,CN,INB,rBp,SA,SB,S 1,S2,S3,S4,S5,S22,S44,R1 1,R22,

áR23,R32,R33,t,J)
IR2=R22
IR3=R32
tr(IR2.NE.0)DL=DA3S(CN( 1,Ð-CN( 1,J)
tr(rR3.NE.0)DL=DAB S(CN(3,Ð-CN(3,J)
DB I =(WxDL* *4)/(8.*EM*I3)+(W*DL**3)/(2,*SA)
DB3=(W*DL**3)/(6.*EM*I3)+(!¡r*p¡*x2)/(2.*S A)
wFB 1=S2*DB3-S I *DB 1

WFB3=S2*DB 1-S4*DB3
WFAl=_(W*DL+WFB 1)

WFA3=-(W*DL*'*2/2.+DL*WFB 1 +\ryFB3)
BFA(1,K)=BFA(1,K)+WFA1
BFAA(l,K)=BFAA(1,K)+BFA(1,K)
BFB(1,K)=BFB(1,K)+WFB 1

BFBB(1,K)=BFBB(1,K)+BFB(1,K)
BFA(3,K)=BFA(3,K)+'WFA3
BFAA(3,K)=BFAA(3,K)+BFA(3,K)
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75

BFB(3,K)=BFB(3,K)+wFB3
BFBB(3,K)=BFBB(3,K)+BFB(3,K)
JD(1,Ð=JD(1,0-WFAl
JD(1,J)=JD(1,J)-WFB 1

rF(rR3.NE.0) GOTO 75
JD(3,0=JD(3,Ð-oilFA3*R33)
JD(3,J)=JD(3,J)-0VFB3*R33)
GOTO 80
CONTINUE
JD(2,Ð=JD(2,Ð-(\¡iFA3*R23)
JD(2,J)=JD(2,J)-(WFB 3 

*R23)

CONTINUE
RETURN
END

THIS SUBROUTINE TAKE IN THE BRACING ELEMENTS
END INCIDENCE TO TI]E JOINTS.

SUBROUTINE INTRS( INT,ITP.}{LOADTM)
IMPLICIT REAI*8 (A-H,O-Z)
COMMON ÆBRACE/ NFT, NBF
COMMON /SECT2/ TP(20)
DIMENSION INT(2,NFÐ, iTP(NFT)

C
C INPUT BRACING INCIDENCE
C

trßrLoADTM.cr.1) cO TO 10i0
CALL CLSC
WRITBI'I,'9719¡,"NEW BRACING SYSTEM? yES or NO :,'),)
CALL YN(NTFIL)

C
C NEW SCREEN
c

CALL CLSC
rF (NTFIL.EQ.I) cO TO 2000

1010 OPEN(2¡rLE=',BRATNCID.TN)
DO M=1, NFT

READ(2,+)N,rNT( l,NO,rNT(2,t\.0
iOO END DO

cLosE(2)
GO TO 2300

2000 Do 2055 M=1,NFT
CAIL SC

2050 WRITE(*,'lll0X,"BRACrNG MEMBER: ")')
CALL RD(MßT,55)

c
WRrrel*,'g716","JOINT OF LOWER END CONNECTION:,,)')
cALL RD(NrL,RL,55)

C

C
c
C
C
c
C
C
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WRITE(*,'(//l0x,"JOINT OF UP END CONNECTION:")')
CAIL RD(NIJßI,55)

C
INT(1,N,[)=NL
INT(2,N,Ð=NU

2055 CONTINUE
c
C EDIT ABOVE INPUT ?

C
\ryRITE(*,1115)

1115 FORMATI/10X,'EDIT INPttT? YES or NO:')
CALL YN(IY)
rF (IY.NE.1) cO TO 2300
CAIL CLSC
WRITE(*'1020)

1020 FoRMATI/I0X,'TO MODIFY,TNPUT,NEW VALUE')
DO 2065 M=l,NFT

CALL SC
WRITE(*,'(//l0X,"BRACING NUMBER:")')
vvRITE(,*,'(l0x,I5)') M
CALL ED(M,ss)

c
WRIGI*,'g71gt,"JOINT OF LOWER END CONNECTTON:")')
WRITE(*','(l0X,I5)') ß{T(1,tvÐ
CALL ED(rNr(1,N4),55)

c
WRITE(*,' (//l 0X,"JOINT OF UP END CONNECTION:',)')
WRITE(*,'(10X,15)') IIlrI(2,ÌvÐ
CALL ED(INT(2,r\O,55)

2065 CONTINUE
2300 OPEN(2,FILE='BRAINCID.IN)

wRrrE(3,1001)
IOOl FORMAT(/'BRACING NMBER"8X,'LOWER END"2X,'UP END')

DO 2062 M=1,NFT
wRrrE(3,1 002) M,rNr(l,M),rNr(2,N4)
wRrTE(2,*) M,rNT(1,M),rNT(2,tl!

1002 FORMAT(//4X,r5,12X,t5,5X,I5)
2062 CONTINTIE
c
C INPUT BRACING PROPERTIES
C

IF'OTLOADTM.GT,I) GO TO 1O4O

WRIGl*,'9719t," NEW BRACING PROPERTIES? yES or NO :',),)
CALL YNôTFIL)

C
C NEW SCREEN
C

rF (NFrL.EQ.1) cO TO 2800
1040 OPEN(2,FILE='BRAPROP.IN')

READ (2,*) NTP
DO 105 N=i, NTP

READ (2,) rP(lg
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105 CONTINUE
cLosE(2)
co To 2850

28OO CALL SC
WRITE(*,'(//l0X,"BRACING MEMBER: ")')
cALL RD(NrTP,RL,55)
WRITE(*,'(//i0X,"AREA OF X-SECTION: ")')
DO 108 N=1, NTP

CALL RD(IN,RA,55)
TP(I.Ð=RA

IO8 CONTINTIE
C
C EDIT ABOVE INPUT ?

C
WRITE(*,11l5)
CAIL YN(IY)
IF (IY.NE.l) cO TO 2850
CALL CLSC
wRrTE(*,1020)
CALL SC
WRITE('*,'(//l0X,"BRACING MEMBER:',)')
WRITE(*,'(10X,I5)') NTP
CALL ED(N1",s5)
DO N=1, NTP

WRITE(*,'(//t0X,"AREA OF X-SECTION:")')
wRrrE(*,'(10x¡10.3)') TPOI)
CALL EDCrP(lÐ,5s)

END DO
2850 OPEN(2¡ILE='BRAPROP.IN')

WRITE(2,*) NTP
DO N=1NIP

WRITE(2,*) TP(N)
END DO
cl-osE(2)
wRrTE(3,102) NTP

iO2 FORMAT(/' NIIMBER OF BRACING TYPE-' ,13//
O'BRACING TYPE',5X,'X.SECTION AREA')
DO N=INTP

wRrTE(3,103) N, TP(tg
END DO
FORMAT(gX,I3,5X¡1 1.2)
CONTINUE

INPUT BRACING PROPERTIES ID NO..

IFÀTLOADTM.GT.I) GO TO 1O3O

wRrTE(,*,' (//1 0X, "NEW BRACING PROPERTIES rD ?

CATL YN(NFIL)

NEW SCREEN

CAIL CLSC

103

104

C
C
c

c
C
c

YES or NO:")')
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rF (NFrL.EQ.t) cO TO 2900
1030 OPEN(2,FILE='BRAIDNO.IN')

READ (2,+) (rrP(N), N= INFT)
cLosE(2)
GO TO 2950

29OO CALL SC
DO N= 1,NFT

WRI'I'-E(*,'(//10X,"BRACING ID NO.: ")')
CALL RD(N]DßL,55)
ITP(N)=NID

END DO
C
C EDIT ASOVE INPUT ?

C
WRITE(*,1115)
CALL YN(IY)
rF (rY.NE.1) cO rO 2950
CAIL CLSC
WRITE(*,1020)
CALL SC
DO N=1,NFT

WRITE(*,'(//l0X,"BRACING PROPERTY ID.: ")')
wRrTE(*,'(10X,r5)',) nPG.Ð
CALL ED(rTP(Nr),55)

END DO
2950 OPEN(2,FILE='BRAIDNO.IN')

WRITE (2,'|) (ITP(N), N=l,NFT)
cl.osE(2)
RETT]RN
END

C
C
C
C THIS SI.]BROUTINE PERFORMS AN ASSEMBLY OF TI{E STIFFNESS
C COEFFICIENTS OF EACH INDIVIDUAI BRACING ELEMENT
C INTO THE STRUCTURE STIFFNESS MATRIX.
C
C

ST'BROUTINE BRACE( CN, ]NT, SS, ITP )
IMPLICIT REAL*8 (A-H,O-Z)
COMMON /MAT/ EM, GM
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, N'(M
COMMON /TBRACE/ NFT, NBF
COMMON /SECT2/ TP(20)
COMMON ¡PTl NST, NBAY1, NBAY3
INTEGER V,M,U,L
DTMENSTON CN(3,NTJ), rNr(2,NFÐ, SS(tü(ñÐ, rTpom¡

C
C

KK(i- 1,M1 I3,M3)=(3*L1-3*Mi+L3-M3)*NEQ + 3+M1 + M3 - 3
J=0
DO 50 JJ= 1, NBF
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c
C
C
C
C

DO 100 N=I,NST
M=(N+1)*NTJ/(NST+l )
V=N*NTJ/(Ì.{ST+1)
DO 200 NN=1,2
J=J+1

KODE IS USED TO KEEP TRACK OF THE DEGREE OF FREEDOM
OF BRACING ELEMENTS IN TWO POSSIBLE ORIENTATION OF
BRACING IN A RECTANGULAR BTIILDING

cAtL TELM(J,CN,ITp,INT,S 1,S2,S3,U,L,KODE,COSA,STNA,AEL)
K=KK(U,U,1,1)
ssK)=ss(K) + s2
K=KK(V,U,KODE,1)
ss(K)=ss(K) + s3
K=KK(V,V,KODE,KODE)
ss(K)=ss(K) + s1
K=KK(L,U,1,i)
ssK)=ss(K) - s2
K=KK(L,V,t,KODE)
ss(K)=ss(K) - s3
K=KK(L,L,1,1)
ssK)=ss(K) + s2
K=KK(M,U,KODE,l)
Ss(K)=551¡ç¡ - 53
K=KK(M,V,KODE,KODE)
ssK)=ss(K) - s1
K=KK(MJ-,KoDE,l)
ss(K)=ss(K) + s3
K=KK(M,M,KODE,KODE)
ssK)=ss(K) + s1
CONTINUE
CONTINUE
CONTINIIE
RETIIRN
END

THIS SUBROUTINE COMPLTTES THE STIFFNESS COEFICIENTS
OF EACH BRACING ELEMENT.

STJBROUTINE TELM(M, CN, ITP, INT, S1, 52, 53, U, L, KODE,COSA,* SINA,AEL)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
CON4]VTON MAT/ EM. GM
COMMON ¡TBRACE/ NFT, NBF
COMMON /SECT2/ TP(20)
INTEGER U, L
DIMENSION CN(3ÀTTJ), iTP(NFÐ, INT(2,NFT)

200
100

50

C
C
C
c
C
C
c
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C

C
NCASE=l
coTo 100
ENTRY BFORCE(M,COS A,SINA,AEL,KODE,U,L,ITP,INT,S I,S2,S3,CN)
NCASE=2

100 MP=ITP(IIO
A=TP(MP)
L=rNT(1,NO
U=INT(2,ÌvÐ
X1=CN(1,L)
Yl=ç¡12'¡¡
z 1=Cl'¡13'¡¡
x2=ç¡11'¡1
Y2=CN(2'U)
22=cN(3,U)
KODE=1
IF(DABS(X1-X2) ,Lr. 0.0001 ) KODE=2
GOrO(150,160), KODE

i50 DL=DSQRT(X2-X1)++2+(Y2-Y 1)+*2)
AI=X2-XI
GOTO 170

160 Dl.=DSQRT(22-Zl)**2+(y2-y l)**2)
N--J2ZI

170 COSA=AL/DL
str\rA=(Y2_Y1)/DL
AEL=A*EWDL
GOrO( 200, 300) , NCASE

200 S 1=COSA*AEL*COSA
S2=SINA*AEL*SINA
s3=snvA*AEL*COSA

3OO RETURN
END

C
C
C
c
C
C

C
C

TH]S SUBROUTINE COMPLTTES TIIE BRACING END FORCES.

SI'BROUTINE FBRACE( CN, INT, ITP, JD, TTA, TFB ,COSA, SINA)
IMPLICIT REAL*8 ( A.H,O-Z)
COMMON /IPT/ NST, NBAYI, NBAY3
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, I.IXM
COMMON TTBRACE/ NFT, NBF
coMMoN /SECT2/ TP(20)
DTMENSTON CN(3,N'[Ð, rNT(2,NFÐ, JD(3,I.{rJ), TFA(NFT),

áTFB(NFr), rTP(t¡¡r)
REAL *8 JD
INTEGER V,M,U,L

WRITE(*,5)
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5 FORMAT(///' **** BRACING ELËMENT END FORCES'//
á12X,'LOWER END 

"23X,'UPPER 

END'/
á'BRACING',5X,'JOINT',5X,'AXIAT FORCE"5X,'JOINT"4X,'AXIAL FORCE')
DO 10 K=1, NFT
TFA(K)=0.D0
rFB(K)=0.D0

10 CONTINLIE
MT=0
DO 20 J=I, NBF
DO 30 N=1, NST
M=(N+t)*NTJ/(NST+l)
V=N*NTJ/(NST+ I )
DO 40 NT=I,2
MT=MT+l
CALL BFORCE( MT,COSA,SINA,AEL,KODE,U,L,ITP,INT,SI,S2,S3,CI9
zu=cN13,¡1-ç*,r,u,
XU=CN(1,LD-CN(I,V)
zL=cN13'¡¡-"*,,,t
)a-=CN(lt)-CN(1,M)
GOTO (100, 200) , KODE

100 DSPV-JD(1,V)+zu*JD(3,V)
DSPM=JD( I,NÐ+zL*JD(3,N0
GOTO 300

200 DSPV=JD(2,V)-XU*JD(3,V)
DSPM=JD(2,IrO-)(LxJD(3,1\0

300 DSPU=JD(I,ID
DSPL=JD(1J-)
FI=AFL*(COSA*(DSPV-DSPN{)+SINA*(DSPU-DsPL)
TFB(MÐ=F1
TFA(MÐ=-FI
PRrNT 400, MT, INT(1,MT),TFAO4T),ßrT(2,MÐ,rrB(M¡

400 FORMAT( 3X,t2,8X,r4 AXF 12.2,5X,14,6X,F12.2)
40 CONTINUE
30 CONTINUE
20 CONTINUE

RETURN
END

C
C
C TI.IIS SUBROUTINE PERFORMS TI{E P-DELTA E¡¡ECT CTT¡CK
C ACCORDING TO TIIE LOADCONTROL NEVI/TON-RAPHSON METHOD
c
C

STIBROUTINE PDELTA( CN,INB,INC,IBP,ICP,SC,JL,AJL,PP¡IPD,NPDT)
IMPLICIT REAL*8 (A-H,O-Z)
COMMON APTI NST, NBAYI,NBAY3
COMMON /GEN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
coMMoN /sECT/ BP(4,20), CP(4,20)
COMMON /À4AT/ EM,GM
COMMON /ATOADAILJ, NLMC, NLMU, NLT1, NLT2. NLT3
coMMoN /coM8/ BFAA(3, 100),BFBB(3,100)
COMMON ÆEMPB IAIPRTNFN,,IPDELT,I.D( 13
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c
C
c

DIMENSION CN(3,1.{TÐ, INB (2,NFB), JL(3,l.IrJ), BFA(3,90),BFB (3,90)
*,rBP(NFB), SC(2,NFB),rNC(2,NFC),AJL(3 NLrl),CCFA(3, 1 00),
* ccFB(3,100),ccrA(3,100),ccIB(3,100),rcp(NFC),rroRrN(3,100),
* QINC(3,100),PPG\rFC),AAJL(3,100)
REAL *8 JL
INTEGER V,M,U,L

DO I=l,NLTl
DO J=l,3

AAJL(J,t)=0.D0
END DO

END DO
RMAX=0.D0
NPD=O.D0
IF G\IPDT.GT.I) GO T06
DO I=1,NTJ

DO J=1,3
FFORIN(J,I)=O.DO

END DO
END DO
CONTINUE
DO I=INTJ

DO J=I,3
QINC(J,D=0.D0

END DO
END DO

CALCULATE BEAM END FORCES

DO 60 M=1, NFB
sA=sc(1,M)
SB=SC(2,ÌvÐ
CALL BELM(M, CN,INB, IBP, SA, SB, SI, 52, 53, 54, 55,

âs22, 544, R11, R22, R23, R32, R33, I, J)
F I = S 1 

*R1 
1 
*(JL( 1,J) - JL( 1,Ð) - R23*(S2*JL(2,J)+ SZZ* IL(Z,[))

1 - R33*(S2*JL(3,J)+S22*JL(3,I))
BFA(1,NO = BFAA(1,M) - Fl
BFB(1,M) = BFBB(1,À{) + Fl
F1 = S3*R22*(JL(2,J) - JL(2,r)) + S3*R32*(JL(3,J) _ JL(3,t))
BFA(2,M) = BFAA(2,I/[) - F1
BFB(2,N.[) = BFBB(2,NO + Fl
BFB(3,ÀO = BFBB(3,M - Rl1*S2*(JL(1,J) - JL(1,Ð)
i + R23*(S4*JL(2,J) + S5*JL(2,Ð) + R33*( S4*JL(3,J) +
1S5*JL(3,D)
BFA(3,M) = BFAA(3,ÌvÐ - R11*S22*(JL(1,J) -JL(1,0)

1 + R23*(S5*JL(2,J) + S44*JL(2,I)) + R33*(S5*JL(3,J)
i + S44*JL(3,1))

QINC(2,1)=QINC(2,1)+BFA(1,M)
QINC(2,J)=QINC(2,J)+BFB( 1,lvÐ

QINC(3,1)=QINC(3,1)+BFA(3,NO*R22
QiNC(3,J)=QINC(3,J)+BFB (3,1\.f)*R22

CONTINUE60
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c
c
C

20
10

CA]-CULATE COLL]MN END FORCES

DO l0 K=I,NFC
DO 20 KK = 1,3

CCFA(KK,K) = O.DO

CCFB(KK,K) = O.DO

CCIA(KK,K) = O.DO

cclB(KK,K) = 0.D0
CONÏNTJE

CONTINTJE
MM= 1

MN = ¡.¡Pç¡51
DO 30 N= I,NST

M = ( N+I )*NTJ/ (NST + 1)
V = N*NTí(NST + 1)
DO 40 J= MM,MN

CALL CELM ( J, CN,ICP, INC, A, B, C, D, E, F, G, H,
1 P, Q, U, L, V, M, zu, XU, ZL,ñ- ,DL)

PL=PP(J)/DL
D=D-DL*PL/10
c=c-DL+DL*PLt.5
Q=Q+DL*DL*PL/30
F=F-PL*I.2
F1 = A*(JL(1,Ð - JL(1,L)
CCFB(I,Ð = Fl + CCFB(I,J)
CCFA(I,J) = - F1 + CCFA(I,J)
ccFB(3,Ð = CCFB(3,J) + D*(-JL(1,N0 - JL(3,N.4)*ZL) -

1 CIL(l,v) - JL(3,V)*zu)) + C*JL(3,LI) + Q*JL(3,L)
ccFA(3,J) = CCFA(3,J) + D*(-JL(1,À,Ð - JL(3,rVr1*7¡¡ -

1 CJL(l,V) - JL(3,V)'*ZU)) + Q*JL(3,LD + C*JL(3I)
F1 = F*( -JL(1,V) - JL(3,V)*ZÐ - D*(JL(3,LI) + JL(3,L))

1 - F*(-JL(l,M) - IL(3,\Ðxn )
ccIB(1,J) = CCIB(l,J) + F1
ccIA(1,J) = CCIA(1,J) . F1

K=NC(1,J)
L=rNC(2,Ð
QINC(1,K)=QINC(1,K)+CCIA(1,J)
QINC(1 I)=QINc(1!)+ccrB(1 J)
¡'rAJL( I,V)=A!qJL( 1,V)-CCIB( l,J)
IF (M.LE.NLT1) TIIEN

AAJL(1,À,f)=À{]tL(1,À.f)-cclA( u)
END IF
QINC(2,K)=QINC(2,K)+CCFA( l,J)
QINC(2 J-)=QINC(2 J-)+CCFB(1,J)
QINC(3,K)=QINC(3,K)+CCFA(3,J)
QINC(3 J,)=QiNC(3,L)+CCFB(3,J)

CONTINIIE
MM=MN+ I
MN = (N+ I)*NFCA{ST

CONTINUE30
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80

NSTT=NST+1
NODE=1
NCPF=NFC/NST
DO 70 N=I,NST

V=NXNTJI,.ISTT
DO 80 J=NODE,NCPF

K=INC(1,J)
L=INC(2,Ð
AAJL(3,L)=AJIL(3,L)+(AJL(3 I)-QINC(3,L))
IF (K.LE.NLTI) TI{EN

AAJL( 1,K)=AJIL( 1,K)+(AJL(1,K)-QINC(2,K))
END IF

CONTINUE
ERROR=DABS(AJL( t,V)-Ä,r{JL(1,V)/AtL( 1,V)
IF (ERROR.GT,RMAÐ THEN

RMAX=ERROR
END IF
AAIL(1,V)=AlL(1,V)+(AJL(1,v)-AAJL(1,V)
NODE=NCPF+l
NCPF=(N+ 1)*NFC/¡.IST

CONTINUE
PRINT *,RMAX
DO J=IÀ{TJ

DO l=l,3
rrorn'r1r,Ð=Qruc¡r,J)

END DO
END DO
DO I=INLJ

AJL(1,Ð=AAJL(1,0
END DO
IF (RMAX.GT.0.001) NPD=NPD+1
RETI,IRN
END
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