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ABSTRACT

A procedure is presented for analyzing three dimensional

rectangular steel frames which incorporate any of five commonly

used beam-column connection types. A method is described

for expressing the moment-rotation behavior of a1l connections

of a given type (for example all end plate connections), in

terms of a single standardized Ramberg-Osgood function.

The method involves an examination of experimental

information on the moment-rotation behavior of a given

connection type to determine the infl-uence of various size

parameters, such as end plate thickness. The method has been

used to generate standardized moment-rotation functions for

five common connection types and the functions are presented.

An iterative, successive approximation structural analysis

procedure is described, in which repeated approximations are

made to assumed stiffness characteristics of all connections

in the structure. When the appropriate connection stiffnesses

have been determined, a single linear analysis is performed to

determine the correct structural displacements and internal

forces. Thus, the non-linear behavior of the connections is

properly accounted for.

Examples are presented to demonstrate the influence of

connection deformation on structural displacements and internal

forces.
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CHAPTER I

INTF.ODUCTION

'r 1 Introduction

Thedeformationswithintheconnectionsi.na.structural

steelfrarnesometimescontributesubstantiallytotheframe
dísplacements.oftentoo,thelzaffectsígnificantlythe
internal force distribution. Research over the past fifty years

has shown the effect of connection deformation to be more

significant than that due to axial anc direct shearing deforma-

tionsinbeamsandco]-umns.Nonetheless,whilethelatter
have been incorporated into structural anallzsis computer

progra]ns,connectiondeformationshaveeithernotbeenmodelled

or have been accounted for by crude, simolistic means '

Forexample,CanadianStandardsAssociationspecification

Can 3-316.1-M78 (1978) recognizes trvo types of construction for

steelframes.Continuousconstructionmaybeassumedwhenthe
beam-corumn connections are perfectly rigid- rf the beam-column

connections are relatively flexibre, simple construction may be

assumed, in which the beam-column connectiOns are considered to

have no moment resistance. The procedures permitted by the

specification may lead to an unconservative design in which

either structural deflections or internal forces at certain

locations are underestimated'

In this studY,

which incorporates

a computer program has been developed

the rotational deformations of conunonly

:..È

:,iìÉ'
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used steel beam-collunn connection types in a static structural

analysisofthree.dimensionalsteelframes.Theuseofthe
program permits a nev¡ factor to be considered in structural

steeldesign.Theinclusionofconnectionbehaviorleadsto
more accurate structurar analysis. Furthermore, bY serecting

connectionswithappropriatemoment.rotationcharacteristics'
thedesignercandict'atemorerelíablythaninthepast,the

stiffness of and internal force distribution in the structure '

I.2 Scope of Study

Toaccountfortheeffectofconnectiondeformationina

structuralanalysisprogram,itisfirstnecessarytohave
available force-deformation information for the different types

of connections in use' Secondly this information must be put

into a form which requires a minimum of computer storage'

Finally,theconnectioncharacteristicsmustbeincorporated

intothememberforce-deformationrelationships.

Basedontheserequirementsandconsideringonlythe

rotational deformation of connections (thus ignoring axial '

torsionalanddirectshearingdeformation),thisstudy

includes three distinct Phases:

a)tneassemblyofattavailableexperimentallyobtained
force-deformationinformationonthemostcommonlyused

connection tYPes'

:.iil .

:.irÈ



b) the use of the Ramberg-osgood function (Ramberg and

Osgood, 7943) to generate à standardized moment-

eurvature relationship for each connection type, ift

order to minimize the amount of connection information

that must be stored and

the generation of à three-dimensional structural-

analysis program which incorporates the effect of

connection deformation. Because of the non-linearity

of the connection behavior, the program must employ

a.n iterative technique. Also incorporated in the

program is the P-a effect described in Appendix J of

CSA Specification CAN 3-S16. 1-I{78 ( 1978 ) .

Relationship to Previous Studies

The end restraint effect of beam-to-cofumn connections

under static loading conditions has long been recognízed

and various investigations of connection behavior have been

carried out. Although information is available on the actual

load-deformation behavior of connections, due to the limited

possibilities of long-hand design and analysis methods

this information seldom found practical application prior to

the introductiorr of computer analysis. Nevertheless, efforts

had been made to take into consideration semi-rigid connection



Batho and Rowan (1930) introduced a beam line method

for the analysis of frames with semi-rigid connections.

Slope-deflection and modified moment distribution methods

were applied to the problem by J.F. Baker (1931) and

J"C. Rathburn (1935). Lothers (1950) pubLished a paper on

elastic restraint equations for semi-rigid connections.

Lervitt, Chesson, and Munse (1966) presented a method for
moment-rotation prediction based upon load-deformation

characteristics. somner (1969) also predicted connection

behavior by the formulation of a series function which had

different coefficients for various connection types and

standardized parameters .

With the advent of the high speed digital computer,

the application of matrix methods to structurar- analysis
has permitted exact, systematic methods to be implemented

and several papers and books have been published in the
field of analysis of structures with semi-rigid connectj-ons.

Gere and weaver (1965), Livesley (1964), L,lonforton and I{u

(1963), Lightf oot and Le lvjessurier (IgT4) , and Goble ( t963)
presented analysis methods assuming linearly elastic
connections with varying rigÍdities. Romstad and Subramanian

(1970) studied the buckling of a frame with flexible
connections using a bi-linear approximation to the moment-

rotation relationship. Jones, Klrby and Nethercot (I979)

investigated the effect of semi-rigid end restraint on the

strength and behavior of steel columns.
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Frye(Ig7I),usingSomner'smethod,modelledthe

moment-rotation behavior of connections and incorporated

the effects of connection deformation into a planar frame

analysis program. He employed an iterative technique to

account for the non-1Ínear behavior of connections. The

study descri-bed herein is a continuation of Frye'S work.

The non-l-inear behavior of the connection is modelled using

the P,amberg-Osgood function and the iterative technique

employed by Frye is used for the analysis of three-dimensional

rectangular frames.

Assumptions and Limitationsr.4

a)

b)

l,is

.,.t]ì

The assumptions employed and the limitations of the

analysis program developed in this study are the following:

Axial and direct shearing deformations in connections

are ignored and connections are assumed to have infinite

torsional stiffness. Thus, only the moment-rotation

behavior of the connection is modelled as a non-linear

function.

Al-1 members are assumed to be prismatic and straight'

e) The material in the members i; linearly elastic.

Possible buckling

the structure is

of indivj-dual- mernbers or portions of

ignored.

d)



e)

f)

s)

j)

k)

Smal1 deftection theory is employed' Hence, it is

assumed that the only cause of non-linear structural

behavior is the non-Linear force-deformation

ehatacteristics of the connections'

All cofumns

bases.

are assumed to be rigidlSr fixed at their

Connection dimensions àne assumed to be negligible

compared to the lengths of the beams and coLumns '

Thus, the rotational- deformation of each connection

is assumed to be concentrated at a point '

Floors aTe assumed

resisting in-P1ane

All joints (Points of

elements ) are assumed

Only static loading

loads and uniformlY

to act as rigid diaPhragms for

forces.

Íntersection betu'een framing

to lie at floor level.
i)

, iD the form of concent

distributed loads ' can

rated

be accommodated

1)

Lateralloadscanbeappliedatf]-oor]-eve].son1y.The

lateral load at each f loor l-evel- must be treated as a

single three-component concentrated load vector'

The program uses an "in-core" equation s:lver' Hence

thesizeofthestructurethatcanbeanalyzedmaybe

limited by computer primary storage capacity '



CHAPTER II

CONNECTION BEIIAVIOR

2.I F-evie¡v of P"esearqh on Beam-to-Col,umn Connections

Beam-to-column connections have been a topic of

research for the past fifty years (S.1[. Jones et aI.7979).

Over the years many types of connections have been devel-oped

as a consequence of the research effort expended in this

àlea..

The first comprehensive research into the behavior of

beam-to-column connections was conducted by C. Batho et al.

(L934 ) and J. C. Rathbun ( 1935 ) . Their v¡ork was restricted

to riveted beam and stanchion connections suitable only

for elastic design. Tests were performed mainly to determine

the rigidity of the connections and the load-deformation

behavior of the connection was given little attention.

With the introduction of plastic theory in analysis a-nd

design, it was recognized that connections are required to

sustain large inelastic deformations. Hence tests on rvelded

connections providing fu11 continuity were conducted to

investigate the connection effectiveness in resisting load

in the plastic region. In the 1950's consicierable ex':erimental

work that rvas most informative on the practical det¿"il of

assembly, was carried out by L.G. Johnson (1959). Horne (1958),

among other investigators, discussed the design of one-li-ay and

two-way r'¡elded connections and proposed simple rules based on
.t.

t::

i:i

¡:
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the observed failure

Although emPirical in

of the component parts of connections

eonservative estimates

nature, these ruLes provided

of joint behavior.

lfhile investigations on welded connections were under-

way, bolted connections, having the advantage of l-ower

fabrication and erection cost, also received attention.

Work by Munse (1959) and Schultz (1959) represented an attempt

to understand the fundamental behavior of the high strength

bolt under static and dynamic loading, and an attempt to

outline design methoCs for bolted connections. Johnson et al.

(1960), Sherbourne (1961), and Charlton (1960) investigated

the problem of bolted connections in the plastic range. As

with welded connections, design formulae were derived, based

purely on experimental observations.

formed the basis of current design practice, was the

systematic, analytical and experimental treatment of

early

, which

f irst

connection problems. Since the early 1960's, tbere have been

analytlcal testing programs to determine overall connection

behavior and the interaction between the connections and

the adjoining members. Bose (1972 ) and many other investigators,

using the finite element formulation, investigated the effect

Very little theoretical analysis was done in the

investÍgations. However work by Graham et al. (1959)
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Ofr geometric parameters on connection behavior and arrived

at simple design equations affecting the strength and stability

of column webs. The extensive testì-ng program on beam-cofumn

çonnections by W.F. Chen and K.V. Patel (1980) at Lehigh

üniversity added valuable information on the behavior of beam-

to-eolumn connections.

The effect of cyclic loading on beam-to-column connections

has been investigated at the tlniversity of California,

Berkeley by H. Krawinkler et al. (1981). Other problems,

such as the effect of eccentric loading (John L. Ðarve et al.

I974) and prying action (N. Krishnamurthy 1978 ) on connect|ons,

have received attention in recent years. All of this work

indicates that current design practice is constantly under

review, and that better and safer designs can be expected.

2,2 General Discussion of Connection Behavior

The tests conducted during the past fifty years indicate

that the primary distortion of connections, which is of

interest in both analysis and design, is the rotational

deformation caused by bending moment. Indeed, as illustrated

in Fig. 2.I, connections have been classified as "f1exib1e",

"semi-rigid" or "rigid" (/imerican Institute Steel Construction

1971), depending upon their moment rotation curves. Tests

have shown that almost all connections have nonlinear moment-

10
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rotation curves. The l-ess stif f connections have roundecl

eurves, as yielding begins upon application of a" small amount

of moment. The stiffer connections initially behave linearly'

then local yielding ô""ses a nonlinear response'

Theresponsetoapp]iedmomentisdifferentforeach

connection type and it varies even among connections of à

giventype.Ivtethodshar¡ebeenproposedforcalculatingthe

moment-rotation (M-Ô) relationship for semi-rigid connections'

but most l4-o curves must be determined experimentally ' How-

eveÏ,experimentationcanbeexpensiveandtír'neconsuming.

Furthermore, the resuLts obtained for à connection type show

wide variation depending upon beam depth ' number of bofts '

,

I

anglesize,columnrvicth,thicknessofbeamfl.angeandweb,

and thickness of column flange. Frye (r97r) considered these

geometric parameters in studSzing the connection response to

applied moment. He derzeloped "Standardized" , dimensÍonless

moment-rotation functions for different connection types'

Each standard ízed function was expressed in terms of the

geometric parameters for the connection' In this study'

connectionbehaviorisexaminedinthesamecontext.The
experimental moment-rotation functions for the connections

considered in this study are prese'ted in Appendix A. Also

presented are the geometric parameters that affect the moment-

rotation behavior for each connection type'
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CHAPTER I I I

IIODELLING OF MOIUENT-ROTATION BEHAVIOR OF CONNECTIONS

3.1 Moment-Rotation Modelling by Ramberg-Osgood Function

W. Ramberg and W.R. Osgood (1943) suggested an

ana]-yti-eal- expression for describing stress-strain relation-

ships in terms of three parameters; namely the Young's

Modulus and two secant yield strengths. The original

expression had the form

L_ (3.1)

where

t = strain,

6 = stress,

E = Young's Modulus, and

k and n are constants.

This expression can also be used to

rotation relationship for a connection

Fis. 3. 1.

describe the moment-

, âs illustrated in

the moment-curvature function canFor a connection

be approximated by

,:l

iÈ

r:..l

$

o = $ * t ,Ë,n (3.2)
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fi¡here

0

M

S

Referring to

gives

(1 +

rvhere Mo, 0o, S

If the sloPe of

OT,

thus,

IU
oa) Qo = 3

and o are as

secant 0-t

1-1+k
*l

M

k c_$ln-t

+k(+)
i 1 lustrated

is mrS then

(3.3)

in the figure.

(3.4)

(3.5)

(3.6)

rotational deformation of the connection

applied moment,

slope of the initial tangent to lJne lq-ó curve

Fig. 3.f, equation (3.2) written at point I

(1 + cr) 0o

Equating (3.3) and (3.4),

I\,Io=*F

MMT{N
#rr=d*u(+)

Iú

cf rn-'

1-tl
tl
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from simiJ.at triangles in Fig. 3.1, it can be seen that

(1 + o) 0o
=*rs

Thus,

M
,o = S
ô,o

oï,

Solving (3.6) for 0

and

(1 +

M
oq

Irl=l-Jo

.10,) = 
-'mf

(3.7)

(3.8)Ic!=--t1

Substituting (3.8., into (3.6)'

1-m--Il=- t1

I'l
k(f)t-t=0 (3.e)
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MultiPlYing (3'2) g].ves.SoY 
rrr

o

,SMÂ-=-vy Moo
+ k c*l'rnql

o

$hen' slnce
M
_!=

S
0o,

Substituting (3.9) into (3.10), the following

obtained:

#=#*n'o o

óML=-+
óIf'o o

ü.t,ü'"

.þ,"-',ü,'

. Iif .n0' (¡,1 )
o

equation is

(3.10)

( 3. llb )

(3.11a)

Equation (3.11a) expresses the Ramberg-Osgood function for

moment-rotation relationships in terms of the four parameters:

0o, l,lo, o, and n . In the equation , 0o, Mo, and cÌ def ine the

location of point 1 and n defines the sharpness of the 'knee'

for any of a family of curves passing through point 1. For

the special case where o¿ = 1, eq. (3.11a) becomes

0=
ó,o
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lìlì..1-1i:jlilliiriiì,ì.,.,.,

s study' Equation (3' Ilb)
i¡:ìrilÌ:llitj$l;,,',,

i]ì:.:i:,.*$...àÞent-rot 
at i on re 1 at i on s hip

has been chosen to describe

for connections.

Standardization of Moment-Rotation Functions

In order for a structural analysis cornputer program

:..il.,ll:.:.::::i.:,,-:..: incorporate the ef fects of connection deformation' the

ìì,à=rrtutive relationship between moment and rotation for

l,srhe eonnect]-ons used must be available. As illustrated in
1,..:t.:,i'.r.'''

:$ig. 3.2, except for the dif ference in sharpness of

,]....::.:.,,'" --^^+i^¡a ^f o oìr¡er1 f\/ne have similar
.tf:r:q rvature,allconnectionsofa'giventypehavesimi
_.:tìi.ì.:::.

*"*"nt-rotation curves' Obviously' to store all of the

*o*"nt-rotation information for every connection of every

.,:.......lope in the computer would be very expensive. Theref ore
l:1.,:.ì.,1':.'

,i.:.:,,r :

.l....ftisnecesSarytoderivea'standardized'moment-rotation
ft'fun"tion for each connection type. The standardized

...-l"g1¿tionship is a function of several geometric parameters;

Ìt.d"pth, 
end plate thickness, etc., for that connection type'

::.,, 
Th€ moment_rotation characteristics f or a particuLar

:ì.:,.
.:.'..'
.,:i. coltn€ction can then be generated b1' substituting the va]'ues

tt, 
o, its geometric parameters into the standardized relation-

-, ship. The procedure has the obvious advantage that it
I reduces drastically the amount of co'¡nêction information

' that must be stored.
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Using Equation (

rotation relationshiP

3.1Ib), the standardized moment-

can be expressed in the form

ó
ó'ô

K x IIiI

ïKMl--- -o
rr + rfu,îl:rn-'l (3.12)

(3.13)

where

0o, [tsllo,

where

IvI

K

and n are constants to be eval-uated from a

Ramberg-Osgooci curve f Ítting program,

is the rotation at one side of the connection

reLative to that at the other side,

is the bending moment at the connection, and

is a" dimensionless factor which standardizes

the moment-rotation function by scaling the

ordinates, thus accounting for their

dependence on the magnitude of the various

joint size parameters. The factor K has the

form

m
( = IT q.aj

:-1 JJ-r

o, =.J numerical

as connect

etc.

value of ith
ion depth, d

size parameter, s¿ch

, plate thickness, t,
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a.
J

a dir¡ensionl-ess exponent which indicates the

effect of the jth size parameter on the

moment-rot at ion rel-ationship .

total number of size parameters which are

assumed to influence the moment-rotation

relationships for the connection type

considered.

The evaluation of the exponents tj in Eq. (3.13) can be

illustrated by considering à family of experimentally

obtaÍned moment-rotation curves for connections whlch are

identical except for parameter Q¡, (see Fig. 3.2). For a

given value of 0, moments Ml_,MZ, I{g and lvln are measured

from experimental M-0 curves, or obtained from tabulated

experimental data.

A pair of curves, sâV curves 1 and 2, is considered

and the relationship between moments N{t and M, at à

particular rotation, 0, is assumed to have the form

t"=
\tz ,P,r"i

'Jt
(3.14)

of jth parameter

curves I and 2)

vrhere er.,, and qjZ are the numerical values

q for connections 1 and 2 (corresponding to
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iesPectivelY '

16, f or curves

: Equat i-on

follows:

N{t and

1and2

(3.14)

a.
J

MZ are the moment values at rotation

respectively.

is rewritten and solved for ui as

NI__l-toe 
\
q-

ros #
(3.15)

Equation (3'15) is used

sponding to several- different

of exPerimental curves, such

to cal-culate u j values corre-

rotations for each combination

as l- and 2, 1 and 3, I and 4,

2 and.3, 2 and 4, etc' The mean of the ^i values thus

obtained is used in Equation (3'13)'

Whenaveragevalueshavebeenca].culatedforal1m

exponents a, in Equation (3'13), they are used to evaluate
^J

the factor K. Va].ues of K x Ir,I for the various combinations

of parameters are then calculated for a number of $ values

and the average value of K x Ii{ is computed' A number of

pairsofcoordinates(KxMando)arethenfedintoaRamtlerg-

osgood curve-fitting program, which fits the curve represented

by Equation (3'12). The values of [flt]o'So' and n are thus

obtained. The standardized, equations for the five types of

connections consir-rered in this study are presented in Table

3-l.Thecomparisonsofexperimentallyobtainedmoment-

tii:i

-\Ìi

t
'*11

.i:r'.ì'

iì



Connectlon TYPo

Stngle l,leb Angle
ConnecÈLon

Dor¡blc tleb Àngle
Connectlon

Heeder Plate
Connectfon

Top and Seat Angle
Connectfon

Strap Angle
Connec t lon

Dfnenelonleee Factor

--2.09 -1.64 2.06
K.d È I

--2.2 0.08 -0.2.8K-d t I

--?.ûl -1.54 2.12 -0.45
K.d t g It

Standardlzed Homent-RotaÈf on
Equatlons

K - d-l.06r-0.54[0.85f-l.28

1.03x10-2
- KxH tr + 1ÄlÌ!-¡2'e3,

32.75 32.75

ô ,-* ¡r+1-Ia.--j'ea
3.98x10-J 0.63 0.63 ^

r - ¡.,-.059r-0.85(H)-1 '06
P

-17.04x10 -

l'lax. Devtatlon
S t andardl zed
Curveg Froo
f'aî - Crrrvêß

'#itr*rffii'32

- o =- 
**" tr+1-!-lt'r )a'61

5.17x10-r 745.g4 745.gtt

-112

References for
ExperlnenÈsl Curvee

-54.58x10 -

Table 3.1 Standardized connection

-1 8Z

__ -- 4.98
- KxM t1+(-xJx-)

753.26 753,26

,lpson (f968)

Batho and Ronan (1934)
f,eulÈt, Chesson and

funae (1966)
Somner (1969)

Sonner (1969)
-127,

Nunber of
ExperlnenÈa1
Curves Re-
Produce d

47" Hetchman and Johnston
(1947)

Brun and Plcard (1976)
Beaulleu, Glroux,
Plcard (1974)

-51

moment-rotation functions' t\3
t\3



23

.:];ii:t':::,i:.:,ii¡t a t i o n

..1r::.¡fll,quat ion

curves with those obtained

are presented in APPendix B

fror¡ the standardized

3.3 Accura c of Standardized Moment-F-otation Functions

tt,,, Perfect agreement betrveen the original experlmental-

moment-rotatlon d.ata and the standardized functions is

,imp,ossible to achieve. usually the standardized function

derived for a given connection type is based on data from

several different experimental investigations' Furthermore'

the investigations often have been conducted to determine

ónIy the maximum joint strength, ra-ther than its moment

rotation function. Hence the available information sometimes

does not lend itself to an accurate determination of the

standardizatlln factor K. In some instances, the smafl amount

of experimental moment-rotation data available for a particltlar

type of connection limits the accuracy that can be achÍeved

in the standardized function'

Nevertheless, since the standardization pI.ocess invofr¡es

averaging of the available experimental moment-rotation

information, reasonably good accuracy is obtained. In Table

3-1, the maximum difference between the connection moment,

ealculated using the standardized' function' and the

experimentally measured moment, is shown for each connection

type. Also shown is the number of experimental cu].ves used
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:i:l:l:l.,1

:.ì¡¡,.¡:¡.; .

ri:ì.':ì: the standardized function' While maximumìì,.i.,to generate
.tì,,,t, r ô -*,i I t narnayì{- âre obsefved fOf
..t-','.¿*o'lttions c

il:.1.,'.'...,::: - .

.'.t''l'*nt." of the connection types ' they occurred f or one

:.: ,r.,,

r::r : fnly, of that type' rn all other cases'
connectaon (

.,::,:.¿¡. deviations were vlithin five percent' I¡lhat this means
:. 

.' 
.:.

,ir,,:¡','r" that wnen experimentat data have been used to develop

l.tt. 
standarci izeð' M-ó function and' \^then that function has

..tl¡., ---r-.-^+¡ +lra frrn¡.¡-in 'fic
,':rì,rf ,been used to "reconstructrr the function for a specr

,"-::: corrrlêction, the agreement between the original data and
..:,tì: l

'-'.'the reconstructed function was nearly always within 5

',. ': .'
percenË.
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CHAPTER IV

ANAIYSIS OF IIRAI{ES WTTH FLEXIBLE CONNECTIONS

Coordinate Systems Used

As illustrated in Fig . 4.1, two types of coordinate

iy"t.*", the global system and the loca1 system' are

èmployed in structural analysis. Right-handed systems

àre usea for both'

The global system is a single coordinate system for

the whole structure, used to express the external loading

and all joint displacements. When a l-oad or displacement

component or vector is expressed in the global system it

is represented by a primed symbol. For example in Fig.

4.L, displacement component ãfn is in the direction of the

slobal xl axis-

As also il-lustrated in Fig. 4.L, there is a 1ocal

coordinate system associated with each member in the structure.

The local- 1 axis is always coincident with t'he member axis

and the member is assigned the direction of the posiÈive': I

axis. The local 3 axis always l-ies in a horizontal plane

perpendicular to xi axis. Internal member forces and deformation

are expressed in the local systems and are designated by unprime

symbols. For example P, is a force component in the oirection

of the Ioca1 2 axis.

lìl:

ì,.r

il
ì-lììt
ir'ìl
à

iì
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Global Coordinate System

"i

Local Coordinate
System for Column AB

COORDINATE SYSTEM

ê'

¿^_1E

--? 
---Ð>

6,, e, t

*rorrrr""tions/ I B

FIG. 4.1
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i:È*uctural Ideal ization
iiiij,,'î,.

,ll.1:... *,rru 4. 1 shows the structural f raming systern f or à

¡ ----^+r1rô nf f he tvoe considered in this study
ù-\ì1ìi]ùìW¡ll'Så1stor$ 

structure of the type conr

"-'-'---'"' ""' Ls composed of a rectangular layout of beam and
mu frame :

^lamonrq The floor at each leve1 is assunùiiìii.¡.:-lì..{l.$. "' ming elements. The f loor at each leve1 is assumed
eotumn fral

as a rigid diaphragm in resisting in-pfane forces

l:iì:¡ìrì:!,.-!ì ,''' --^-,.i Âa rhoi r nôy'rnâ I stif fness in
llp,,th* floor beams provide their norrnat stiffness in

l.i$*.ìè;ist ing out-or-p lan rorces'

ìiììlii, ,. o= ir_rustrated for beam cD, the beam-to-cor-umn connections

ãl::,:.ti,.,.l.,jn:::.,,:.' -1 - ^r +L^ r^ôôñc qnrì fo

; assumed to be attached to the ends of the beams and to

rl:::i:irj.l;i :::::r....:'.

i:;'.:rl.¡¡l':.:fôrm part of them' The connections a,Te assumed to har¡e

.t..:,:.::,::"' Ornent-rotation functions of the form indicated in Equation

ìì....'r.r,{3.L2), and to have negligible size as compared to the lengths

*t members. Furthermore, they are assumed to permit no

*"""t shearing deformation, axial deformation or torsional

ì:tu"rormation. since the floor diaphragms are assumed to be

:,.:. ., '

rl.ì.¡igi¿, the bending stif fness of the connection about a vertical

::,1*i" is assumed to be infinite' All joints are assumed to

.:'.:,Iie at f loor level '
.:'lidealization'threeindependent:' With thi-s structura.

'., degrees of freedom n:ed to be considered for each joint'

They are the two rotations, 0l and 0å about the xi and xi

.axes,andatranslationôåinLnex)direction,asillustrated
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They will be referred to as out-of-plane

components. The other threet 6i and 6å, the

iiì| i rranslations in direction xi and xi, and 0i, a rotation

¡.1,¡ "a 
an axiq in the x) direction, are associated with the

$nt.ne 
rigid body dispracements of the floor diaphragm'

:::;lìùhè latter, refered to as in-plane components ' impose certain
'.:,:...,li.ìl 

.:',..,. .-

,i$i¡pfacements on all of the joints at the given floor leve1.

$.r*fore, 
if there are n joints at a given floor level' the

...,,,,, *¡"r of independent dispracement components to be considered
.:.:::.::::lt:r:', . 't$ anat level is 3n+3. without the assumption of rigid in-pIane
::':ra:::.,.r.: ,4 :.

-:.,,,..:troor diaphragm, 6n independent components would have to be

,j,ìonsidered at each f loor leve1'

.1 ," fn the structure considered, the beams and columns are
il,:lr: : .

.,,,,'assumed to be linearly elastic while the connections behave

"¡On-linear]y 
even at working load ]eve]s. Consequently an

'r::,it:
,:i:'iterative procedure, in which the non-linear connection stif f -
.l:::: ì

.li,.neiss is linearized in successive cycles of linear. anâJystsr--fs
::.:..'
:.,,:implemented in order to predict accurately the forces and

displacements induced in the structure by external loads'

4.3 Non-Linear Analysis Proc:dure

The basic premise of the iterative analysis procedure

is that the correct deftections and internal forces for a
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GLOBAL COORDINATE
SYSTEM

R IGID IN - PI-ANE
FLOOR DIAPHRAGM

IN - PLANE AND OUT - OF -PLANE DEGREES OF FREEDOM

FlG.4.2
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i-.1ìliì!:i:ì.!ìrì::-:li:ì:r.i':l..].::i::..t::i::ij:.ìara::ì\l.l::: i . .:

!i::j¡t.+!ii:Ì:r:ì:lrr:iiÌ , r '.

!rìilii:1ìsi!ìr.:_;j'ì:f :ì:. r., j l
!ì:ìtiltìri:1.-::::a:n:: ::. I r ...

iË.'-î.$Þ"crure 
wirh nonlinear connections can be obtained frorn a

assumed
:,r:ìi::i:i.r;:ijì:l:::.:r:,::t,.

liÌìlþqte linear analvsis, provided the correct stiffness is

a:i:ì|. each connecrion. The procedure rhus involves repeared

l..;:aù"lrs of an iterative procedure whose purpose is to determine

i i$nr"priate f lexibilitlz characteristics for the various

',,...,.,1,...,àn"ecËions 
in a structure. when these characteristics have

..::¡¡:, en determined rvith suf f icient accuracy, they are employed

.'..$n a linear analysis to calculate the correct structural
:r].t..:':...,.., ...r..

'iìr.displacements and forces -

,' Consider a structure whose member end connections have

non-linear moment-rotation functions, as in Fig. 4-3, of

Èhe form

ø - g(m)

r,¡here g (m) is a non-linear function of the

the connection. The function is replaced

relationship of the form

(4. r)

moment acting on

by a linear

ó = M/sr

where S, is the slope of the initial tangent

(4 .2)

to the l.[-Ø curve.
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\-.ù
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Ml

=
l- Mzz
l¡J

=,o
=

ROTAT¡ON , +
MODIFICATION OF CONNECTION FLEXIBILITY

FIG 4.g
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,':.:ì'.:ri.:i):r:ii.ì, moment_fOtatiOn I.elatiOnShipS f Of all Othef
l:::i:r$t '' rhe

:...¡,ì..].....¡.:¡:.¡1...:¡. nnections in the structure are sj-mi1arlv linearized

¡t¡...¡l¡;¡¡'..¡¡r"responding to the linearized ill-0 relationships for the

iil.:..]:..*"nnections at the ends of a given beam AB, the member force-

Lt relationship can be deterrnined. Similar force-..ì$isPlacemen

.*isprace¡nent relationships for all beams and those for the

.,,,,l or**n= j_n the structure are used in a linear analysis,

it¡ind the member end forces, and hence the moments at all
.:':,':..,',

,¡1.:,.'r.*onn"ctions, are calculated. If the moment at the connection
l. :.,:r.".

:. : '::'

.:..,:,originally considered is III, the corlesponding rotational

-r.::: ¿"to"mation is

Ot = [f r/S1 ( 4'3 )

However, the rotation caLculated from the correct nonlinear

relationship of Equation (4.1) is

0i = e(Mr (4 .4)

moment-rotationA better approximation to the connection

function is thus

$ = ltf/S, (4.5)

where

sz = Mr/Öi (4.6)
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llustrates in Fig . 4.3. Equation (4.5) and similar
liiì1,:jLÌi:l:jgÐ'a'Lr 

ure s- '
:rÌ::l.tj::¡.i:.:i'.:::ìi.1,riì.i :r:r'

¡ìr*ìälììùèrationshiPs for all other connections are then used' to
i.:],.ì].ìi.ilì::ìì:.-ì:.::.-|ii l':

::i:iììàsurare rhe new member force-displacement relationships

ìi ; a second linear analysis is performed. The proced.ure

¡ii$ r"n"ua.u untir the rotation of each connection, calcurated

$t"m the linear relationship for the current cycle' is

;rìùurriciently close to that given by the appropriate nonlinear

::r:¡,,::,ìielationship of the form of Equation (4 ' 1) '

r.:i.lrì:.ìì. The convergence of the above procedure can be hastened

ì',ìi',,r:.::.,ì'ì::,i.'.r fnly SOme ffaCtiOn Of the differenCe betWeen f t and
.':t.ì...¡'by usrng (

':t¡t6. rather than the total difference, when nodifying the

$"onnection flexibility. A factor of one-half was arbitrarily

:'ìì'.,'employed in this studY-

4.4

The develoPment of the stiffness

column and for the typical beam with

is presented in this section'

matrix for the tYPicaI

end connections

4. 4 . I Column Stif fness I'4atrrx

Consider the column shown in Fig' 4'4' The stiffness

matrix expressed in the loca1 system is defined by the
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eôt2 t2
<'-- {-

//
ll .

-1

End Displacements
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equat ion

D=<P-u 11

vector at

Pg' = ' nnr-

the lower

D = < 6utl
placement

D[ = ' ô,Q,

K K"l loìuu ur¿l I ull¿,
Ks., *uu.l 

louj
(4.7)

T
ppIUIVÍIU
uz '3 tI u2 t3

the upper end of the column,

Pn Po trfn [{n Mo J- 9"2 [3 rI *2 ,3

end,

ÂôeeeJ-u2 -u3 tl u2 ,3

vector at the upper end,

is the force

is that at

is the dis-

ánd ô r, 6 .e, o.q.
Too. os

the lower end.

,, All of the
..:

eoordinate system

In Equation (4.7)

above vectors are expressed in the loca}

for the column.

k
luu
L*u,

atrix

upper

KrrIl

*unl

is the stiffnesses m

submatrices for the

f or the colum:r,

and lower ends.

partitioned into
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,t::, I
ì::..t,'

in the stiffness matrix'

0

rzBr 3------î--
L"

0

0

-6EI3

L"

0

rzBr2
-----õ-
L,

0

6Er2
---t

L-

0

0

6Er 
2

9
L-

0

4Er2

0

-6Er 3
L-

0

0

4EI3

0

0

ZEI -5

K=uu

K
u)¿

(4.8)

(4.e)

AE
L

00

0

00
Grt

L

00

-AE
L

0

0

-rzEI 3-F-

0

0

0

6Er 
3

L2

0

-12Er 3_-----
L'

0

-6812
-;z-

0

-6EI o
-JU -------ñ-

LO

6Er D

--T- o
L-

00

-GI -r_o
L

0

0

0

0

zBr 
2

L

0
L



Jf

Kg' (K.tø) 
'

0

-6812

L¿

0

4Er2
--T-

0

6Er3

?-
0

( 4. 1o)

( 4. 11)

AEo
L

00

0

Grr
L

Kyg. =

12Er3
-.-.õ-
L,

0

0

6Er3

?-

0

r2Br2

L3

0

-6E'12-?-
0

0

0

0

00

o0

L

0

4Er 
3

In the submatrices,
It = torsion constant for the column '

tZ and I, = second moments of area about

cross-sectionaL axes XZ and Xg

respectivelY,

$, = shearing modulus,

E = Young's modulus,

L = member length, and

A = member cross-sectional a-rea.
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Beam Strffness l¡atrix

consíder a typical beam with flexible connections at

A and B as shown in Fig. 4.5. The stiffness matrix

the beam plus connections, expressed j-n the loca1 system,

defined by the following equation'
,1
rl.:

.:
l..l:

ènds
ì:: t. .

for

Ís

where

and

D-=
b

at end

D=
a

uo,

B,

ô

Pb=t'o,

P=<Paa2

fool [*oo

l"",l 
= 

l*"o

Ìf_ M_bl b3

MTla1 u3

ôô"ot- "ba

e0ur- t3

{::l

Korl

*,^]

matrix which relates

The submatrices in

(4.12)

is the force vector at end B,

is that at end A,

J is the dispLacement vector

J is that at end A.

forces and displace-

1.he above matrix are:

J

J

uz

.12)In Equation (4

is the stiffness
ments at A a',d B.

[*oo K¡"1

L*', *".1
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End DisPlacements
(b)
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tl"z
r

r| ..-Frexibre connectiot= \ b *o,
tu, a I n-t -------> -----+>
,______--> r *1/t / I/t // I - F 

'"o,M- *o,
/ t3 

P

/ 
'b2

/
x3 End Forces

(a)

-..-->,*r

*3
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K¡¡ (4.13)

(4.l.4)

(4.15)

(4.16)

K.bà

0

-s3

0

K'b = ("0")t

K^^ =
aa

0s5
s30
0s6

["
lo
Lst

.Thee].ementsinthesubmatricescanbederivedfrom
a eonsideration of the equilibrium, compatibility and

constitutive relationships for beam ab and its connections'

The.derivations are presented in Appendix C and they can be

expressed as follows:
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Fpr."rrr.ffit-I
Er (sa + so)

ß1 = ß( I +
S S.Laþ

2EI
= g( 1 + 

-
ß2

S.Lb

ß3 = ß( I +

B4 = ß( I +

ß5 = ß( 1 +

2Et

SL
a

3EI

S.L
I)

3EI

SLa

Then,

SI=

et

I 2EI
atJ-aI

L.

6EI
Dp^

2Z
L-

GJ
s3=T

' ...-, :,11, j .

*,¡'iiii¿;liìtr:i.:
i i;-,rÈ ', ú.r i...
L.:i:.-tiit-ií::¡..
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r.jt I :.

:ì ': 
li ''

ö
i ì. 1:

.:tG

.:.:.: .

.1
i:++

.j,I

,J

4ET-
6À - 

- 

AÞ'l ?E
LJ

6Et
s5--g)

_2L

4Er
s6 = 

- 
B,4

L

2EI
s7=-ß

L

= modulus of elasticity

shearing modulus

beam length

second moment of area about bending axis

torsion constant
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¡Ì:.liì:.,r ;ìi. .

S1. " 
above expressions, Sa, Sb are the stiffness

þ.,t¡" connections at a and b respectively. They

coefficients

vary with
ir\.ìlìr-ìiÌ,:,¡:::::, :...
,,..c$anges in 1oad, but with the iterative procedure

$.,...$ i$" study, repeated linear analyses are performed

i,ì{11ìS, ¿tr analysis, the coef f icients aïe constant .

ilìì:.:iiìsä:{r'', '

l:ì::ì:ìiLi 5 Formation of Structure St if f ness Llatrix

In formulating the structure stiffness rnatrix, the

ìiiilì:i¡.. l"mns and beams are considered in turn and theÍr

,'.¡l$o"t"d to the g1oba1 coordinate system and then added, in
.:r$:the appropriate locations, to the structure stiffness matrix.
-,,,,._¡ eeause of the assumption that the f r-oors act as rigid in-
,¡¡,...'..:rtÞlane diaphragms, the treatment of cor-unnns is dif f erent f rom

l'|tft*a of beams, âs described belov;.

4.5.1 Contribution of Column St i ffness

consider a typical column u.r, , which lies between two
floor diaphragms, as illustrated in Fig. 4.6. The end dis-
Blaccment and end force vectors in Equation (4.7) can be
partitioned into out-of-prane sub-vectors and in-plane
sub-vectors, as descri.bed in section 4.2. The vectors are
therefore the following:

used in

and for



UPPER FLOOR
DIAPHRAG M

END FORCES AND DISPLACEMENTS, COLUMN u- t

FlG. -4.6
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Dr, =

Pg. =. Pl,o I n*, J=

o lô ô e Ju3' u2 t3 tl

ô e^ o^ I o^ 6" e^Lr L2 'g' *2 *3 *r

= < P Iu I{ I P P I{ J,rl ,2 u3' u2 t3 ,1

' P s", n'u, o'url n ur'u, o'ur- J

. Dro I o.rj- ul u2J= < 6 o

J

DL=. D.q,o I out

P,r=tP,roln,r]-

J= T

:ìlì::'ì':ìi]:r''':l'.:"ìi'

iìiì:jì::l: "the equations, the o and

¡iil.:liilìì¡t-of -p lane component s and

i.l¡¡:¡i:ùtt""eas the u and f indicate

:.::ijì:*àspectivelY of column u'['

i in the subscriPt refer to the

the in-plane components respectively

the upper and lower ends

.,.,.$.., By also partitioning the stiffness matrix of Equation

*i+.2> in accordance with the partitioning of the end force
iìr,ii:,

$*oo d.isplacement vectors, the equation which rel-ates the

iS.io"."= and displacements at the upper and fower ends of the
a.,,,.,1':
:tl.:.,:,,eolumn can be reu/ritten as fo1lows.

Puo

P
u1

P.q,o

Kuuoo

Kuu10

K
Ĵ¿UOO

K
Ĵ¿UIO

Kuuo]-

Kuu]- 1

Il
Ĵ¿UO1

K
Ĵ¿U11

Ku100

K
UJ¿1O

Kf,.ooo

K¿g io

KuI 01

K
UJ¿11

K 
ø go:-

K^^..
J¿,{, T A

Duo

Du1

D t̂o

Dr, i

(4. r7 )

D
^.e,i
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submatrices in the above stiffness matrix are defined

follows:

AE-t

0

0

4EI2

0

0

4Er3

0

6Er2
t

L.

o

-6EI3
.)

L.

0

0

(4.]e)

(4.2r)

(4.23)

(4.I8) K . =uu10L

0

0

0

rzBr 
3

_AE
L

0

o

0

28r.2

0

4Er 
2

0

Kuuii =

0

r2EI2
-.--ó-
L,

0

L3

0 L

0

0

Grt
-L

(4-2O) K" =
J¿UOO

(4.22 ) K.q,¿_ =

0

zBr 
3-t-

0

0

4Er3

[o o

I

| 6Er2
.= ! 0uuoi I - -2lL

I

fæïs
Ë0
LL

AE
L

0 L

0
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0

-6812-7
0

6Er3

L.

0

f-rzrl,
lo
lL'

l2EI3
-----D-

L,

( 4 .25)

(4.27)

o0

6Er-o-+
L.

_6EI^
¿

U

L¿

TzEI,>
o ---õ-2 o

L,

(4.24) lr
Ĵ¿U]-1

(4.26) K.Q..q,ii =

-rzBroz------T- u
L.

-GI.^1(l 

-

L

0
GI-

O1
L

displacement and end force vectors can

the 1ocal system to the globaI system

rotation transformations .

.?he partitioned end
',, 

I

'be transformed from
:.
using the following

Dr,

is the rotation

local system for

u

P¿

D'u

Di

transformat ion

column 9u to

matrix from the

the gì.oba1 system.

P'
u

Pi

Du

=R c

=Rc

=RTc

=RTc

(4.28)

where
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lnrr o IttB" = lo R22J

Dt
uo

P'ul

Pr,o

Päi

K'uuoo

Kruu10

Kt^
J¿UOO

KI
J¿U1O

Kr uuo]-

K' uull-

Kr
Ĵ¿UO1

K'
.̂!{,u11

K'-uJ,oo

K'^.
UJ¿ 1O

K1^
I, J¿OO

Ki.r.io

00

o0
o0

-1 0

01
o0

Kt
ÛJ¿O1

Kt
û.li.1 I

K.e,!,oi.

Ki.r.ir

Druo

D'ul-

DIto

Dl .y.7

(4.30)

I

0

0

0

0

0

0

-1

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

I

Tlren substituting Equation (4.28) into Equation (4.I7), the

itittn"=s matrix, expressed in the global system, can be

written as:

Each submatrix in
product of three 3
:..

be lorv:

the above stiffness matrix is the triple

x 3 submatrices and is as defined
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and

K,lrroo = Rlt Ku.roo RflT,

Krlro' = Rll Kuuoi R22T,

Krr¿oo = RÌl Kuloo RllT,

KüLoi = Rll Krrgo i R22T,

K.r..rio = R22 Kuuio R1lT,

Kuuii = R22 Kuuii R22T,

Krr¿io = *" *unro RllT,

Ku.e,j.i = R22 Kul,ii R22T,

K.i..,roo = Rl1 Kgroo Rl1T,

K.q,uoi = Rll K.Q,uoi R22T,

K.ä,.e,oo = RlI Kggoo RLlT,

Kl,r,oi = Rll K¿goi. R22T ,

K¿uio = R22 Kg,rio Rl1T,

K.i,uii = R22 K.Q,rri ' R22r,

K.i,.e,io = R22 Kgr.ro Rll-T,

K.i,.q,ii = R22 Ke.e.ii R22T.

'.1 since the froor at each lever is assumed to be à rigid
'diaphragm in resisting the in-pr.ane forces, the in-p1ane force
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itsrrac"ment 
components for each cofumn can be trans-

åa, fro,n the column ends to à common "master node" in

floor diaphragm. The node from which the in-plane
ì.:i::lrl,:.:,',],:,: .

ËiiÈ¡o"nt= ale translated is referred to as the "sfave node" '

iåì:*"=t"r node in the floor at the upper end of the col-umn

," designated v and that in the floor at the lower end is
'ì!ìt:l'l:::ì:ì: r .

l$.$iÈi"n*ted m. The translation transforrnations for the in-

"e 
components from the slave to the master node are

¡t¡.,r.ìililì¡-ì*ì.'.'

iì-ìiì-tlìÌÈì.o-n, bv the f ollowins equat ions

Dr
vl

Dr
MT

D'u1

D:.y-r

= Ht Ptvu u]-

= H'- Pl.m.!¿. J¿1

= Hr D'uv v1

=H: D:
X,M J¿MI

. and Dl. are the in-P
]. J¿]-

s at nodes v and m as

tion transformation ma

00
00
-xt) (xl

"v tu xi) 1

v

(4.31)

orce and

rated in

are

(ô..32)

The
..;

dis

Fie

vectors P', P,iri

placement compon

. 4.6. The tran

Htr, = 

l,

D'u

ent

s1a

\ZI
^3

l-an

i11

tri

0

0

ef

ust

ces

I
I

I

I

l

Hrnr.

1

0

(xåt!.

o

1

,xiø - *i,n

o

o

1xå)
m

(4.33)



51

$$| displacement components for each column can be trans-
i,:ì.i:i:l¡:ì¡.ìri;i::ì'ì.:.ì,1l:,,

. i..i¡¡.. ^ted 
from the col-umn ends to a common "master node" in

a:_::t:i:l:..Ì1::ì..:ì..i. 
r ñl_^ __J^ 4_^_ --.Lj^L !L^ j_ 

-l^-^ìçì|.:ì¡. - floor diaphragm. The node from which the in-plane
lr:r:rìl:i.lì::ì::ì:l;:.::,:: . i àTe translated i-s referred to as the "s]ave node".
i:ìi,î:ìì:ìo*P o n e n t s

¡¡!f$" master node in the f loor at the upper end of the column
i:a::ir:r.:rrL.::li:)l:ìr:, i .

1r:i,,::.,:]::j:ri::,.i,-ìrii:,.:is designated v and that in the floor at the lower end is
i¡:.]::l::ì:ì:,4,:.ji:lt,ì,.: .. .,
irì.r::l.i:t lil!:-::: :::.i.: ',

f,...!1i,,:l] -ignated m. The translation transformations for the in-
::iì:..:,it::.::li,,'..:ì:',1

ìì¡ì*t"ne components from the slave to the master node are
:::::: j:riaii::ri::ri:ì ;.

iliìli::îi¡:*iven by the following equations
:ì,]::i:i::ìì..ì.:ì:.ì]l.ì:t J'velr uy urrç r vr ¡vvY ¿¡¡6 vYs4 e rvr'

iì,ìii iì..:ì:ììiì,i,:.ia:::,l', ,. . .

uìa.i,.:ti::allu::11ì. ..

illi::::,,ì:i,llr¡ ':', " Pt = Ht Pt¡t¡¡ v1 VU Ul

p,. = T{r Dr

:ì:i:,ii:::::,i:rl,::r-...,..: ì.. . . 
'mi ^^m'Q' ^ Li

:r:ir:ì::1ii.::t.:ì:,iì. (4'31)
lìr = Ht Dt

!,i:li:r::ì.::,,i,ì1t.t.::,,. . "ui '^uv "vi
,'. :iì'i:::'.].l....,..,.

Dl = Hl Dl" 9"i --'0m - J{'mi

,The vectors P' P' Dr:V].ffi].U
:.: :ì

'displacement component

,Fig. 4.6. The transla

I
lH'=lvul
l(xl
L ",-t

. and Dn. are the in-Plan

s at nodes v and m as i1]

tion transformation matri

000
000

xå ) (xi -xi ) 1
-vuv

e

u

c

l
I

force and

strated in

es are

(â..32)

[I'" =
MJ¿

1

0

(xå -xå )ug" -m

0

I
,xir - *ir)

0

0

1

(4.33)
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ir
lo

LO

0

1

o

-(Xå
u

(xi
u

1

Xå)
v

xi)
V

H,=uv

H'L^ =

0

I

0

I

0

0

-(x: -xl )
"g- 'm(xj"-xi )
t,m

l

(4.34)

(4.35)

Xi., and tin,"å,, utd XåUtt" coordinates in Xl and Xl directions
*uJ¿U

iespectively of slave nodes u and 9".

,ì. , ..:

xi and x.i , x" and xå are coordinates in x- and xl directionsf'u tm 'v -rn

¡espectively of master nodes v and m.

the

of

Hence,

stiffness
the master

by substituting Equation (4' 31) into (4.30),

matrix for a typical column, expressed in terms

and sLave node, are

Pruo

Prvl-

Dr
x,o

P'
m1

Kruu

K'vu

KI
.{,u

K'

K'uv

K'vv

KI
v,v

K'"
u.x,

Ki'ø

K.q,g

Kt
m̂)¿

K
um

K'
vm

KI
,LM

K'
mm

Druo

D'VI

D:
,LO

Dr
m1

(4.s6)

K'
mu m\,
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,:. tr,

Kått
i:i: .

'Kt!"
K"e

Kü*

Ku*

Ki'"

K"g

K.t,n

Ki,u

KI
)¿v

K[g

Ki,*

K'
mu

K'nv

K'1,r,

KI
mm

H'uv

H]
.[m

K,l..roo

R'r Ht"uuor uv

K''røoo

K..r!,oi Hi,nt

H' KT--vu uuro
H' KI--vu uull
Hrrr-, Krruio

Hrrt, Krrl,i-i

K:
J¿UOO

K.i,.q,,roi 
"r,,

Ki,øoo

Kl ^ H^'
J¿ J¿O 1 I,M

H' K:m x,ulo

= H*r K,i,..rio

= H*!. K¿øii Hl.t

The contributions to the structure stiffness matrix of the

typical column ul. are as illustrated in Fig' 4'7 '

4,5.2 Contributions of Beam Stiffness

Forthetypicalbeamwithendconnectionsasshownin
Fig. 4.5, the end displacement and force vectors comprise
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only the out-of-p1ane components. Hence no partitioning
or translation transformations, âs described for the columns,

are required.

However, âs irlustrated in Fig. 4.g, two different beam

orientations are possible. The transformations for rotating
force vectors from the l-ocal- to the globaI system and for
rotating displacement vectors from the grobal to the l_ocal

systen are the following

=Ra

=Rjrn

=RÏ
b

P¡

D-'
b

In Equation

form

where, for
xi'

ol
Ì23 

|rssl

paral 1e1

[rr r

lo
lo

whose

Po=R¡P¡

Pr
a

Du

D
a

(4.37 ) the rotation transformation RO has the

R_=
b

0

r22
r22

axis isa beam to the global axis

(4 .37 )

(4.38)
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r11 = I

r22 = 1

r23=0

r32=0

r33=1

For a beam whose axis is parallel to global axis X-
J

r11 = 1

r22 = 0

t23 = ;I

r32=1

r33=0

Therefore the beam stiffness matrix expressed in the g1obal

coordinate system can be defÍned by the following equation

{ï}

(4.se)

where

K¡¡ = R¡ K¡¡

=R- K-bDa

=RuKuuRI '

RÏb,

nfl,K-'ba

t\.
AD

and

K? = R^ K RÏàabaaþ
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The contributions of a typical

ness matrix are illustrated by

structure stiff-beam to the

Fig. 4 .9 .

tì
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CHAPTER V

STRUCTURAL ANALYSIS COMPLTTEF- PROGRAT{

5,I Introduct ion

A structural analysis computer program, named rFNcsAp

and written in FORTRAN, has been developed in this study,

to perform the structural analysis of three dimensional

rectangular steel frames under static loading conditions.

The structure is assumed to have a rigid-in-plane diaphragm

at each floor 1evel, and it can comprise any rectangular

network of beams and columns connected together by any of
the following types of beam-to-col_umn connections.

(a)

(b)

(c)

(d)

(e)

Single-Web Angle,

Double-Web Ang1e,

Header-Plate,

Top-and-Seat Angle

Strap-Angle.

For each connection type used, the associated size
parameters must be specified. These size parameters allow
the program to generate the moment-rotation relationship for
the connection. AlternativeJ-y, any of the beam-to-column

eonnections may be assumed to be perfectly rigid or to have

bending moment releases. The column bases are assumed to be

fixed.
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The structure loading may consist of any number of nodal

loads and concentrated or uniformly distributed loads applied

to the beams. Separate gravíty and wind loading systems can

be accommodated. Gravity loading may be applied at the sLave

nodes or on the beam members, whereas wind loading must be

applied as a series of three-component vectors at the master

nodes only. Because of the non-linearlty of the moment-

rotatj-on charaeteristics of the connections, the principle of

superposition cannot be applied to combine the resuLts for

the gravity load analysis with those for rvind load analysis.

The program can accommodate either SI or Imnerial units.

The analysis procedure, in general, consists of initialization

follovred by repeated cycles of the following steps:

(a)

(b)

(c)

linear analysis,

test for termination,

modification of the connection stiffness

characteristics.

The program also incorporates the iterative procedure

describecl in Appendix J of CSA Specif ication CAN 3-S16.1-¡'178

(1978) to account for the dispfacements and internal forces

produce 1 by the PA effect. The procedure is summarized in

Appendix E

A f1ow diagram for the program is presented in Fig

and the various program phases are described in the

following sections.

5.1
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READ HEADTNG,
NU},IBER OF STOREYS,
NU},{BER OF BAYS,
UNITS USED,
MATERIAL PROPERTIES,
LOADING SYSTEMS,
TYPE OF ANALYSIS.

I
!

T
i

READ IvIASTER NODE
cooRDrNATES, BAYS I

I,VTDTHS, STOREYS'
HETGHTS.

FLOIV CHART FOR THE

COT.IPUTER PROGRAM.

GENEP-ATE JOINTS'
COORDINATES, JOINTS'
NUMBERTNG SYSTEM, BEAMS'
AND COLUMNS I INCIDENCE
TABLES.

FIG 5.1 STRUCTURAL ANALYSTS
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FIG 5 .1 (CONTINUE)
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TTERATÏON
COUNTER

CHECK LATERAL
LOAD IF P-A
EFFECT CHECK
IS REOUIRED.

READ LOAD FOR
THE LOADTNG SYSTEM
INDÏCATED.

EVALUATE MEMBER
FIXED END FORCES
AND ADD NEGATTVE
OF THEM TO JONIT
LOAD VECTOR.

SOLVE THE JOINT
EQUILIBRÏUM
EQUATIONS FOR THE
JOTNT DTSPLACEMENTS

F]G.5.1 (CONTINUE)
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COMPUTE BEAM AND
COLUMN }4EMBER
DISTORTION FORCES,
AND ADD THE I{EMBER
FIXED END FORCES TO
OBTAIN THE TOTAL
ME}{BER END FORCES.

TYPE
OF

ANALYSIS

NON

CHECK THE ROTATION
PREDICTED BY LINEAR
ANALYSTS I^]TTH THAT BY
TI{E NONLINEAR MOMENT-
ROTATION CURVE.
MODIFY THE STIFFNESS
OF CONNECTIONS IF
NECESSARY

YES

_-\--_--
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I

I
I

I

I
I

I

]/
l
I

I

_l

ANALYSIS
REQUIRED

FIG. 5.1 (CONTINUE)
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5.2 In it 1 aI ization

The initialization involves the specification of the

units to be employed (S.I. or Imperial), the type of

analysis (linear or nonlinear, with or rvithout the PA effect),

the characteristics of the structure, the material- properties

and the description of the loading system. The default system

of units is the S.l. sYstem.

The type of analysis is specified by indicating LIN

or NON, and PY or PN. If LIN is specified, values of the

flexural stiffnesses of all beam column connections are input.

The vatues may be very small (e.g. 1o-10), indicating a

moment release, very large (e.g. 1020), indicating complete

continuity between the beam and the column, of any vafue in

between.

If I\TON is specified, all beam-column connection types

must be input along v¡ith the connection size parameters'

PY i-ndicates PA effect is to be included in the analysis;

PN indicates that it is to be ignored '

The following information is input to describe the

structure:

the number of bays in the Xi and Xi direc;ions '

the number of storeYs '

the width of each bay in each direction,

(a)

(b)

(c)
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(d)

(e)

(f)

the height of each storeS'

the global Xl, Xi, and Xi coordinates of

the master nodes at all floor 1eve1s,

the member cross-section properties.

1ryith this information, the program establishes the global

coordinates of all ioints, the interconnectivity of all

members and joints, numbering systems for all joints, columns

and beams, and a tabte of member crosS-Sectional propertì-es.

unless otherwise specified, the modulus of el-asticity

is taken as 30,000 Ksi or 200. GPa, and the shearing

rnodulus as 12, 000 Ksi or 80. GpA.

Linear Analysis

The stiffness method is used to perform the linear

analysis. The program employs an in-corerconstant bandv¡idth

equation solver. Because of symmetry of the structure stiff-

neSS matrix, only the elements below the main diagonal are

stored aS a one-dimensional aTr"ay. The beam stiffness

coefficients, which incorporate the effects of flexible

connections at the ends of the beams, are recalculated each

time thry are needed. The member fixed-end forces are al-so

dependent on the connection characteristics and thus they

are recalculated for each linear analysis'
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5.4 Termination Criteria

Two different criteria are used to determine when the

analysis should be terminated. Firstly, a test is performed

to determine when the connection rotations have converged

to the values indicated by the nonlinear functions.

Secondly, a test is performed to determine that the secondary

forces contributed by the P-A effect have become negligibly

small. The former is indicated when the rotation for each

connection, computed on the basis of the current linearized

stiffness, is equal to that calculated from the nonl-inear

moment-rotation function. The latter is satisfied when the

secondary forces computed in the current cycle of analysis

are negligible as compared to those calculated in the nreviotis

cyc1e.

For frames rvith very flexible connections and large

loads, it is possible that the iterative procedure will not

converge on a val-ue of connection stiffness. In this event,

the connection end moments obtalned from the first l-inear

analysis exceed the maximum capacity of the connection, as

illustrated for a" typical connection, in Fig- 5.2. A decrease

in the stiffness of a connection causes à reduction in the

moment carried by that connection and a redistribution of the

moment to other connections and other points in the structure.
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However, if the other connections have already exceedecl

their maximum moment capacity, the analysis fails to converge.

Therefore, a counter has been incorporated in the program and

the anarysis is automatically terminated after a specified
number of cycles of iteration.

5.5 liitodif ication of the Connection Stif fness and the LoadíngstEls! -
After each analysis, the assumed stiffness of each

connection is modified if the connection rotation predicted

by the l-j.near analysis is dif ferent from that predicted by

the nonlinear moment-rotation curve by more than an acceptable

amount. Similar1y, the loading system is modified 1f the

secondary forces contributed by the P-a effect are too large
(approximately more than 10%)to be ignored.

5.6 Program f or Generating Stand ard,ized lr{oment-Rotation
Funct ions

To facil-itate the addition of new connection types for
which experimental data are available into the structuraf
anaJ-ysis prograln ( TFNCSAP ) , a separate program, named

CONNECTION, has been written. This program is used to compute

the required exponent val-ues ^j in the expression (Equation

3.13) for the dimensionless factor K, and then to compute the
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constant [KM]o, 0o and n for

function. The expression for

and the standardized function

and can be easily added into

(TFNCSAP ) .

Also required for

values, and the values,

a.. The exponents a. .I '. 1'
aTe computed according

,).¿.

the standardized moment-rotation

the dimensionless factor K

càn then be coded in FORTRAN

the structural analysis program

input are the number of rotation

to be used in computing the exponents

and the constants [KM]o, óo, and n

to the procedure specified in Section

The program requires as input the number of experimental_

moment-rotation curves available, the size parameters qj and

the experimental moment-rotation data associated rvith each

connection. The moment-rotation data enable the program to

curve-fit a Ramberg-Osgood function to the data.
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CHAPTER VI

I LL,USTRATIVE EXAMPLES

6.1 ïntroduct ion

In this chapter, several examples are presented to

illustrate the application of, and to check the validity
and accuracy of, the analysis procedure. Examples have

been sel-ected r','hich involve simple structures and loaclings,

but v¿hich illustrate the significance of connection deformation,

and the correctness and the capabilities of the computer

program. The procedure for generating the standardized mor,rent-

rotation curves has also been illustrated by a numerical

example. For the sake of sirnplicity, only selected data and

results are presented and discussed.

6.2 Standardized l,loment-Rotation Curve for Single-IVeb
Ãn

The purpose of this example is to illustrate numerícal1y

the procedure, described in Section 3.2, for generating the

standardized moment-rotation curve for a particular connection

type, given experimental moment-rotation data. The single web

angle connections are used in the example.

Example 1:

For single-web angle connections, the geometric

parameters rvhich most strongly affect the moment-rotation

characteristics are:
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depth of connection d

gage of cofumn flange bolts g, and

thickness of angJ-es t,

as illustrated in Figure 4.1 in Appendix A.

For illustrative purposes, the experimental- moment-

rotation data and the geometric properties of the connections

are presented in Tables 6-l and 6-2. The calculation of the

values of the exponents ^j in Equation (3.13) is illustrated

be lorv .

Pararneter 1 - depth of congeetions

Consider test specimens AA3/l and AA4l 1 in Tables 6-1

and 6-2. For a rotation value of 0 = 0.015 radians, the

moments values are

IIt (AA3/1) = 28 in-Kip

\\Z ( AA4 / L) = 57 i n-Kip .

The corresponding depth parameters are

dr (AA3/1) = 7 -5 in and

dZ (AA4/l) = 10.5 in.

Hence, by Equation ( 3. 15 )

"l
Ios (#)

=-= 10. 5.1og ( 7.5)

-0. 3087 _ o
0.lz6T - -¿' 11



(radian) iBB4/I

0.0

0. 01

0. 015

0. 020

0. 025

0. 030

0.0

6B

84

95

104

111

I{olr{E}fT ( Kip- in )

0.0

138

r54

165

L74

T82

AA3/1
T SPBCIT,{EN

Table 6-1 Experimental }lloment
Angles Connections

AA4l I I AA5/1

'r'u 
I 

^r^,

ur', 
| 

'r'^

0.0

79

97

109

119

12740181

AA6/1

Rotation Values for SingIe-Web
(Lipson, l96B).

0.0

I26

151

169

184

l-97

'!,

ltl

{
¡Þ
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Geometric
Parameters

P.
J

(in)

(in)

(in)

10. 5

o .3125

2 .5625

10. 5

o .3725

r _ 9375

EST SPECIT\ilBN
AA3 /

7.5

o .25

2. 5625

d

t

10. 5

o .25

2.5625

13. 5

o .25

2.5625

16. 5

0 .25

2.5625

Table 6-2 Values of the
the M-S curves

geometric parameters that affects
for Example 1.

AA3/1 AA4/r I AA5/1 AA6/1
Test

Spec imen

o.4907 o .28990.1913

BB4lr

Standardizatj-on
Factor K

Table 6-3 Standardization factors, K.
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The above procedure is repeated for different values of the

depth parameter and for other rotation values. Averaging the

resulting exponents, a mean value of uI ='2.O9 is obtained.

Similarly, following the same procedure, the values

of the exponents for the gage parameter and the thickness

parameter are found to be 2.06 and -I.64 respectively.

Hence the standardization factor K for single-web angle

connections, obtained by substituting exponents à1, à2 and 
"3

into Equation (3.13) is

--2.09 2.06 ,-r.64K=dgr

The standardLzati-on factor K for each of the single-web

angle connections in Table 6-2 can be cal-cul-ated. For each

rotation val-ue, the test moments for the various connections,

after multiplying by the corresponding factor K, are averaged

and the averaged moments aTe as shown in Taþ1e 6-4. Pairs of

averagecl moments and their corresponding rotations are input

to a least-Squaïes Ramberg-Osgood curve-fitting computer

progïam v¿hich produces the following equation for the

standardized moment-rotation curve for the single-r,veb angle

connect ion :

KxM=-32.7 rr + É;+,''"1

fliii:i:.iÌ-,t:

0. 0103



Botation 0
( radian )

0.0

0.010

0. 015

0. 020

o .25

0. 030

0.0

23.O

t\{od1

28.5

J¿. ,)

ÐE D

37 .8

0.0

26 .4

29.5

2I.6

JJ. J

34.7

].ed ¡4oment Kxl.i! ( Kip-in )

TBST SPECI¡IEN

0.0

2r.5

28.2

JJ.I

36.9

40. o

TabIe 6-4 Modified moment KM and average Ktr4 vs 0.

0.0

2r.5

28.O

32.7

36 .4

39. 5

0.0

22 .8

28.2

31. B

34.6

36. 9

0.0

24. O

18. 8

32.3

35 .2

Jf.o

verage
Kxl.{

0.0

23.2

28.5

,)á . ,)

35. 3

37 .8

\¡
-J
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This equation can be used to reproduce the moment-

rotation curves for single-v¿eb angle connections within the

range of the test results

6.3 Verif icat ion of Structural Analysis Program (TFI*ICSAP )

In the second example, â simple frame is analyzed and

the results are compared rvith those obtained from a space frame

analysis program SFRAME (Pinkney , 1982). The results verify

as far as possible, the correctness of the program TFNCSAP

developed in this study.

Example 2

Consider the structure and loading shown in Figure 6-1,

for which all- beam-cofumn connections are assumed to be rigid.

The modulus of elasticity and shearing modulus are assumed

to be 30000 Ksi and 12000 Ksi respectively. Furthermore

the torsion constant J, and moments of area IZ and Ig are

assumed to be 100 |n4 , 2oo in4 , and 2oo in4 respectively, for

all members. The structure was analyzed using TFI{CSAP and

then using SFRALÍE.

The joint di-splacements and rnember end moments,

computed by the two programs àTe summarized in Tables

and 6-6. It is noted that there are practically no

differences between the trvo sets of resul-ts.

AS

6-5
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t20

10k

---+
^Q

(10)

10k
+

Member Numbers

Shown in Parantheset

Joint Numbers in
Circle

o.zak/rt)

(12) o.zak/ft)

FIG. 6.1 TWO STOPSY SPACE FRAME FOR EXAMPLE 2
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Joint
ltro.

Xi-Translation ( in) Xi-Rotation x 103 (rad)

TENCSAP SFRA}IE TE}TCSAP SFP"AI{E

0. 50

0. 50

0. 50

0. 50

o.24

o.24

o .24

o.24

0. 50

0. 50

0. 50

0. 50

o.24

o .24

o .24

o.24

-r.27

-I .27

-r .27

-r .27

-2.06

-2. 06

-2.06

-2. 06

-l-.27

-7 .27

-r .27

-r.27

-2. 06

-2.06

-2.06

-2.06

Tab 1e

EXAMPLE 2

displacements due to lateral6-5 Joint
load.



B1

IÍember

I

2

J

4

5

6

7

8

I
10

11

T2

13

I4

15

16

End Moments
I(ip-f t

( left end or bottom)
about )1,

SFRAME TFNCSAP

6.63

6.63

6 .63

6. 63

7 .4r

7 .4r

7 .4r

7 .41

-5.07

-5.07

5.07

5. 07

-I .17

-l.17
T. T7

r .77

End Moments
Kip-ft

(left end or bottom)
. about Xg

-6.61

-6.6r

-6.61

-6.61

-7 .41

-7 .47

-7 .47

-7 .4\

-6. 61

-6. 61

6 .61

6.61

-2.40

-2.40

2.40

2.40

-6.63

-6.63

-6.63

-6.63

-7.4r

-7 .41

-7 .4L

-7.4r

-6. 63

-6.63

6. 63

6.63

-2 .34

-2 .34

2.34

2 .34

E)(A}4PLE 2

Table 6-6a Ntember end moments about member axis Xo
direction due to gravitY load

SFRA},{E TFNCSAP

6 .6r

6 .6r

6.61

6.61

7 .41

7 .4r

7 .4r

7 .41

-5.02

-5. 02

5. 02

5.02

-r.22

-), .22

1 .22

r.22



B2

ember

End l,,loments
Kip- ft

(left end or bottom)
about XS

End Moments
Kip-ft

(left end or bottom)
about Xg

SFRAI{E I TFNCSAP SFRA}{E TFi.TCSAP

1

2

.)

4

5

6

7

B

I

10

11

T2

13

T4

15

16

6.61

6. 61

-9.16

-9. 16

7 .4t

7 .4r

-r8.23

- 18. 23

4.2I

4.21

14.24

14.24

32.36

32.36

34.81

34.81

6.63

6 .63

-9.14

-9.14

7 .4r

7 .4r

-r8.22

-I8.23
4. 15

4. r5

14.29

14 .29

32.47

32.41

34.75

34.75

-6.61

-6.61

-22 .39

-22.39

-7 .4I

-7 .4r

-33.05

-33. 05

I.16

9. 16

22.39

22 .39

14. 02

14. 02

18. B1

18. B1

-6. 63

-6. 63

-22.4r

-22.4I

-7 .4r

-7 .4I

-33.05

-33. 06

I.14

I.14

22. 40

22. 40

l-4. 07

14. 07

18. 76

18 .76

[{ember
l ateral-

end moments due to gravity and
Load for Example 2.

Table 6- 6b
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6.4 Effect of Connection Deformation on l"fember End Forces

While the connections in a" typical steel- structure

constitute only a smal1 proportion of the weight of the

structure, because of their high labor content, they some-

times contribute substantially to the total- framing cost,

They may affect significantly the internal force distribution,

and it may be unconservative to ignore the deformations of the

connections in à structural analysis. The purpose of the third

example is to demonstrate that connections ffiâY, in fact,

significantly affect the internal force distribution in the

structure.

Example 3

The braced steel- frame for a"

shown in Fig. 6.2. The structure is

loads :

Roof

two storelz of f ice building is

designed for the follorving

Snow Load

Dead Load

Floor

Dead Load

Live Load

\Iall

72 KN/m

9I KTTT/m

= 2.39 KN/m

= 2.39 KN/m

= I.2O KN/m2

al
L

2

.)

2

=1
:0

Dead Load
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Normally, the beam-to-columns connections would be assumed

to act as pins and the columns would be designed in the

absence of moments applied by the beams.

The frame was anal-yzed flrstJ-y assuming all beam-to-

column connections to be of the double-rveb angle type, then

assuming them to be of the header plate type and finally,

assuming them to be rigid.

The col-umn end moments for the three analyses are shown

in Tables 6-7 and the axial forces are shown Ín Tal:le 6-8.

Very substantial moment increases ca.n be observed in both the

"strong direction" and the "u¡eak direction" moments in changing

from double web angle to header plate to rigid connectj-ons.

What is very significant is the influence of connection

type on the maximum normal stresses on the various column

cross-sections. Normally a braced frame of the type considered

would be assumed, for analysis purposes, to have "pinned"

beam-column connections. Consequently, the column stresses

woul-d be assumed to be those due to axial force only, there

being no column bending moments.

However, r'/hen the connection behavior is nnodelled

correctly, the cofumns Ð.re found to be subject to axial- force

and biaxial bending. The resultant normal- stresses in columns

Cl and C4 àTe tabulated in Table 6-9 for the three analyses.



Column
ItTo.

È{ô
(J
rl
ttr

Í{
C)
9r

C1

C2

C3

C4

Double Web
Ansle

LIpper End i\{oments
(KN - m)

- z;)

o.)
-âJ

0. 07

-24

[--TeadeFI ptate

þ
o
o
--l
h

¡{
0)

Ë

C1

C2

c3

C4

-39

-34

-0. 06

_41

Rigid
Connect ion

- L-)

-7

-0. 05

-53

-50

29

-58

Table 6-Ta Column end moments about x-x strong axis for Example 3.

-26

-11

o.07

Â
-t

Lower End ì¡loments
(Kn - m)

Double Web
Anqle

-r7

-18

-0. 01

-13

-28

-20

2

-6

Header
Plate

-44

-27

0. 04

-24

Rigid
Connection

-52

-44

_J

-J

-0.03

-0. 3

16

-35

10_IiJ

-5

0. 03

-2

-r4

-10

1

-J

æ
o\



Column
No.

o
ri
h
Fr
a)
A.
P.

llJouþle IVebt

I Rnete

c1

C2

C3

C4

Upper End l,Ioments
(KN - m)

-19

-0. 03

0. 05

o.07

Header
PIate

¡{
U

r-l
&
H
0)
3
o
Fl

-23

0. 09

o.2

0.5

Rigid
Connect ion

C1

C2

C3

C4

-t

-o.02

0.1

o.02

-22

6

I

7

Lower End l{oments
(KN - m)

Double Web
Anele

-11

o.\7

o.2

0. 06

Table 6-Tb cofumn end moments about weak axis y-y for Exampte 3.

-17

-0. 03

0.1

0. 06

Header
P late

-12

J

J

4

Ðo

o.21

0.3

0.3

Hr.gtd
Connection

-22

6

I

I

-4

-0. 01

0. 05

0. 006

-5

0. 08

0. 0B

o.02

-6

2

1

2

æ{
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Col-umn
No.

Axial Forces (KN)

Double llreb
Ahele

Iieader Plate Rigi d
Connect ion

H
LJ
al

rl
tti

H
a)
P.
Ê.

C1

C2

C3

C4

165

29r

EOD¿L.)

30r

163

29r

524

302

I40

297

564

278

H
TJ

r-l
trr

fr
a)

o
Fl

C1

C2

C3

C4

426

738

788

510

42r

740

800

511

J(lJ

770

846

486

Table 6-8 Column axial forces for Example 3.
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Axi al Bendins Bendine
X-axis Y-axis axial

Corner Column, Cl-

(a) Double Angle

(b) Header Plate

(c) Rigid

44

43

37

105

178

237

262

317

303

8. 34

11.51

r4.59

Side Column C4

(a) Double Angle

(b) Header Plate

(c) Rigid

79

BO

F7D
l.)

110

T87

265

1

7

96

1.41

2 .43

4 .95

Table 6-9 Example 3 - Col-umn stresses (L{Pa)
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rt can be seen that for the corner column cl, even for the
double angre connections, which are normalry treated as
"pin connections", the ratio of bending stress to axial
force stress is g. 34.

obviously, it can be higrrly unconservative to Ígnore
the moment resistant capacity of connections

6.5 the LateralDeftectionsffi

Besides having to satisfy strength requirements, a
structure may have to satisfy specified deflection limitations.
The deflections of struetures, as intuition might predict,
may be affected significantlv by connection cleformation.
Hence it is instructive to knorv the effect of connection
def ormation on the displ-acements of structures. The f ollorv-
ing example demonstrates the effect of connection deformation
on the lateral deffection of a multi-story steel frame.
Also investigated in the example is the p-a effect due to the
axial load acting on col-umns.
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Example 4

This example involves the analysis of a typical

transverse frame from an 11-storey unbraced steel frame,

loaded by gravity and wind loadsr âs illustrated in Figure

6.3. The frame was first analyzed with all connections

assumed to be completely rigid. The same frame was sub-

sequently analyzed assuming top-and-seat-angle beam-column

connections. Although the top-and-seat-angIe connections are

perhaps more fl-exible than desirable for this application, they

demonstrate the sometimes dramatic contri-bution of connection

deformation to structural deflection.

As i1lustrated in Figure 6.3, and Table 6-10, the

transverse deflection of the frame with top-and-seat-angle

connections is more than three times that for the frame with

assumed rigid beam-column connections. On the other hand,

the P-¿ effect increases the deflection of the frame with

rigid connections by only 11 percent.

It is interesting to note that when connection

deformations are accounted for in the anallzsis, they ampliflr

the P-aeffect and the result is excessively large deflections.

Thus, for the rigid connections, the P-Âeffect increases the

llt.h storey drift only from 70 mm to 79mm, while for the top

and seat angle connections, the increase is from 224mm to 455mm.
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Storey
Level

Rigid
Connect ion

1I

30

Rigid Connection
and P-A Effect

EO
iJJ

67

70

Table 6-10 LateraÌ deflection in mm for the structure
in Example 4.

34

60

Top -and-Seat-
Angle

75

79

7B

160

209

224

Top-and- Seat-
Angle plus P-A

Effect

167

350

435

455
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CHAPTER VII
CONCLUSIONS AND SUGGESTIONS FOF, FURTIIER STUDY

7.r Conclusions

In this study, a procedure has been developed for

generating a standardized moment-rotatlon function for steel

beam-column connectlons of à given type, in terms of several-

geometric parameters, such as depth, plate thickness.

Using experimentally obtained moment-rotation data, standard-

ized moment-rotation functions, exnressed in terms of a Ra-mberg-

Osgood function, have been derived for five commonly used beam-

column connection types.

The standardized functions have been incorporated into

a computer prograrn which performs a linear structural- analysis

of three-dimensional rectangular steel frarnes v¡ith rigid in-
plane f l-oor diaphragms and deformabl-e beam-column connections.

The standardized functions permlt the moment-rotation behavior

for a given connection to be reproduced accurately, $'hen the

eonnection geometric parameters have l¡een specified. The

program will also analyze structures with rigid or "pinned"

beam-column connections. It also incorporates the P-A effect
prescribed in Specification CAN3-S16.1-M78 for accounting for

the secondary bending moments caused by axial column 1oads.

Since the moment-rotation behavior of connections

markedly non-linear, an iterative, successive approxirnat

1S

ion
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procedure has been incorporated into

The procedure invol-ves repeated modi

assumed stiffness characteristics of

structure, the stiffness matrix and

vectors for any member with flexible

the computer program.

fications to the

all connections in the

the fixed-end-force

connections at its ends.

Examples have been included to demonstrate that

connection deformation has a very significant effect on the

internal force distribution in, and the deflection of, a

structure.

7.2 Suggest ions for Further Studv

It is suggested that, in the future study of the

behavior of flexibly connected frames, a comprehensive,

experimental study of the force-deformation behavior of all
eommon connection types be conducted to supplement the

presently available information, and perhaps to arrive at

more rational constitutive relationships. Since experiment-

ation is relatively expensive, analytical methods shoul-d be

considered for developing the complete force-deformation

curves for connections.

In the present study, the axial, shearing, and

torsional deformations of connections were ignored and

possible buckling of members and/or portions of the structure



was
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ignored. However, future analyses could incorporate

of these effects.

To faeilitate the design of frames rvith flexible

connections in a design office environment, design tools,
perhaps in the form of design charts or tables, could be

developed.

The structural analysis computer program developed

in this study could be extended to be capable of treating
both statically and dynamically loaded structures. The

dynamic behavior of connections has yet to be investigated.
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APPE}ÏDIX A

EXPERIT,iENTAL }IOI\iIENT-ROTATI ON CUR\/ES

This Appendix contains the figures and experimental

moment-Totation curves for the following connection types

(a) Single web-ang1e connections

( b ) Double web - angJ-e connect ions

(c) Header-pIate connections

(d) Top-and seat-ang1e connectj-ons

(e) Strap-angle connection.

The pertinent parameters for the above connection

types are also summarized Ín Tables A-1 to A-5. The test

numbers refer to the actual experimental test number.
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Table A-1 Single web-ang1e connections

Investigator
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Invest igator
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No.
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Table A-2 Double web-angle connections.
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APPENDIX B

STANDARDIZED I\4OMENT-ROTATI ON CURVES

This Appendix contains the standardized moment-

rotation curves for the various connection types considered

in this study. Also presented a.Te figures for the comparison

of experimentally obtained moment-rotation curves with those

obtained from the standardized equations.
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APPENDIX C

DERIVATIOI{ OF STIFF]'JESS
WITH BLASTIC END

IUATRIX FOR },{EMBERS
CONNECTIONS

Consider the member AB, âs

elastic connections at end A and

fixed and apply force P" at B-

at B is:

shown in Fig. C.1, with

B. Assume end A to be

The resulting disPlacement

(a)

L:

00

00

l/S¡a 0

0 l/S+a

OO

00

0

0

0

0

1/ssa

0

0

0

0

0

0

1 /soa

DB = Lee Pe * nT" 
"1 "o" 

o, + 
"S 

n"

Lee is the f lexi'bility matrix at B for elastic rnember AB'

LÎ and 4 are the flexibility matrices for elastic

connections at A and B.

For examPle:

I /sra

0

0

0

o

0

0

7 /szs

0

0

0

0
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where

SlA, S2A, S4A, SbA = stiffness of connection at A in

direction of force comPonents

1, 2, 4 and 5. That is, axial,

shearing, torsional and bending

stif f ness.

HA" is the force vector translation

matrix.

For most member geometries and connection types, the

axia:f, shearing and torsional- deformations aTe negligibly

smal1, whil-e the bending deformations of the connections

are often significant. Consequently f /Sf = llS2 = tlS+ = 0'

and the flexibllity matrix at B, from Equation (a), for the

member with connections is:

ItBB - "BB
* 

"T" "l "ou 
* LB (b)

Substituting the aPProPriate material and geometric
*

properties for the member, the flexibility matrix Lee is:
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Ltt

0

0

0

0

0

Lzz

0

0

0

Løz

Loo

n

Lss

0

L+q

0

0

Lss

0

Lss

0

0

Lzø

0

0

0

Løø

0

0

0

0

o

0

0

*
,BB

where

-L"11- AE

_ 3 _2
T=(lt-L\"22 t 3nl, s6A'

_2
r:(L-*La=T"26 t 2Er, s6A' "62

ôô
rJ .á

r : I L -¡- -!-r"33 \ 3Er2 S5A'

,
r - | -L- - L t = T."3b - 'Æ, - s5A' "53

_L
"44 Grr

r : I L . I * l*l
"4s - \EE ssa sbB'

- , L I f 1\I = l- -+ -t66 t"t.a - t* ' t*''



11, 12, 13, E and G are as

The stif fness matri-x

can thus be computed as

{<

Kee

L79

defined in Chapter IV.

for the member plus connections

-1
Lee

Fina11y, the stiffness matrix relating
placements at both ends of the bar is:

forces and dis-

K

*
Kee

*
-Hae Kse

-*å" "lu
*

Han Kge utT"
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APPENDIX D

DERIVATION FOR FIXED END FORCE VECTOF.S
FOR MEIUBERS WITH ELASTIC END CONNECTIONS

D.1 Uniformly listributed Load

Consider member AB, as shown in Fig. I).1, rvith end

elastic connections and loaded with uniformly distributed
load. Assume end A to be fixed. The deflection at B due

to the applied l-oad T/, considering only the connection

bending stiffness in Xo direction, is:

DB= t:t:

2T

,J

rä" Lc ( Han lV ds ) dZ

+ 
"1"

HAD IV d*IL: f: (D. 1)

where

HcD =

l{=

[::]

ül

T=
Hôe

Ir

L,
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/
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FIG. D.1 UNIFORMLY DISTRIBUTED LOAD

OVER I{E}4BER LENGTH



Lc= l* ol

l; ùl

l

.Hl

= flexibility

unit length

atC

182

matrix, for a

of the member

Integrating D-1, the deflection at B is:

SA is the connection bending

stiffness in Xe direction

(D.2)

deflection at B, the

force required at B

(D.3)

,C :
"A

00
^1ua

U¡
A

De

A
WL'

BE I3

$,L3
6ET;

Having calcul-ated the canti lever

fixed-end-force vector at B, Pil, is the

to reduce the deflection there to zero.

Thus,

oS * 
"ä" 

nå

Lge is as defined in ApPendix C.



The force vector Pfl at B is

11 t<_ 1P;=1"ee-DB=

183

(D.4)

vector at A càn then

(D.5)

(D.7)

*
-Kee Dg

be

The corresponding fixed-end-force

calcul-ated f rom statics:

11 ¡LnT * 
,J" "o" 

., d*t * 
"ou 

nfl = o

OT,

ITi|
T)t =

A
HAD , d*l * 

"A" 
*ä" o" (D.6 )

in Fig. D.2, loaded with

end deflection B due to

D. 2 A Single Concentrated Load

Consider member AB, as shown

concentrated load vector PO. The

is

DB = "1, 
no * nÏu

à

Pn

L1 Hao Pn
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/
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FIG. D.2 A SINGLE CONCENTRATED LOAD ON ME}IBER AB
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where,

D=.D
[pl

I'J

J
a

3Er -J

2
a

ZEtr

2
a

,Etr
l_tDD -

nT" =

HAD =

l'
Lo

1

à

'l
1l

ol

,]

a
E];

.f

p_
*Là'sA

f,! and n[, are as defined in D.1. Hence,

Dg

P3 P 2b
àà +--3Er3 2Er3

P2 PàazEq*q
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Using Equation (D.4), the fixed and force Pf, at B due to the

load PO is:

T'*
Pä = Kes D*

Similarly, the fixed end force at A is:

Pl = -Han Po * no" oå" DF
tf
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Jl.

J1.1

APPENDIX E: P-A EFFECT CALCULATION

Guide to Calculation ol Stability Effects'

General

This Appendix gives one approach to the calculation of the additional
bending moments and forces generated by the vertical loads acting lhrough
the deflected shape of the structure. By this approach the above moments
and forces are incorporated into the results of the analysis of ihe structure:
alternatively a second order analysis, which formulates equilibrium on the
deformed structure, may be used to include the stab¡lity effects.

t
Pi.l H'i.2

vl-r

Ai-r I r,-¡

Figure Jl
Sway Forces Due to Vertical Loads

Hi-r

{ P¡-r

'Appendix J of CAN3-516.1-M78
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Combined Loading Case

Steo 1 - APPIY the factored load

Clause 7 '2'21'

Srep 2 - Compute the lateral deflections atvrvr - order elaslic analYsis'

Step 3 - Compute the artif icial storey shears V"

where

v', = 
:f,(a'',-a)

= artif icial shear in storey i due to the sway lorces

:P, = sum of the column axial loads in storey i

h = height of storeY i

4,.,,À, = displacements of level i + 1 and i' respectively

Step 4 - Compute the artificial lateral loads H'

H"=v"'-V"
Step5_Repeatsteplapplying-theartificiallateraIloadsH',inadditionto' 

the lactored load comþinatron

Step 6 - Repeat Steps 2 .through--5- 
until satislactory convergence rs

achieved.Lackofconvergencewithin5cyclesmayindicatean
excessivelY llexible structure

Vertical Loads OnlY

Sinceverticalloadsdonotnormallyproducesignificanlswaydellectionsof
the structure the iÃ¡t,ãr sway forces are computed on the basis of the sway

drsptacements rn 
"ään 

rrói.iv equat toiÀã eiect¡on tolerance permitted by

ctause 2g7.L ur,rig tnlse def tect¡onr inê calculations are commenced at

Step 3 of the p'ot"ãut" described in Clause J2'1'

combination to the structure (see

each floor level (4,) bY first

due to the sway forces'

J3.

J3.1

4-21
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APPENDTX F

COMPUTER PROGRAi{: CONNECTION

This Appendix contains the input instruction to, and

the listing of , the computer program, named COI]NECTION,

d.escribed in Chapler V. A sample example for the input and

a list of the output items are al-so included-

F.1 Tnput Data

The variables in each card

to be entered and. more than one

date all the data items in each

forrnat except as indicated.

NCO},l

type represent the data items

card malz be needed to accommo-

type of card. Input is in free

Descriptions

Number of tested connections
to be used in generating the
standardized function for a
given type of connections.

Number of geometric Parameters
that will affect the moment-
rotation curves.

Number of rotation values to be
used to comPute the exPonent ai
in Equation (3,15). l

1. Job Title Card lBA(4)

)

Title to be printed with the output.

Control Tnformation Cards

Card Type I

Variables

NDS

NPC



2. Control Information Cards (Continued)

Card Type 2

X(I)

Card Type 3

GP(r,J)

Connection Information Cards

The folJ-owing types of cards
connection tested.

l_9 0

The rotation val-ues referred
to in NPC. The first val-ue
must be 0. NPC number of
values must be input.

Values of the geometric
parameters for each connection
tested. One card is needed for
each connection tested.

are prepared for each

Card Type 1

Vari ab I es

LABEL (245)

Card Type 2

NP

F1

F2

Card Type 3

Prepare NP cards

PGG

D1

D2

Descript ions
Test specimen identification

Number of test data in each
connection tested.

ì,lultiplication f actor for the
rotation data. Enter 1.0 if it
is not required.

Itl[oment mu]-tiplication factor.
Enter 1. 0 if it is not needed.

for this type of card.

Experimental moment val-ues

First rotation values

Second rotation val-ues. Enter
0 if not applicable
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TEST 3
4
0.0
10.0
15. 0
20. o
TEST 4
DJ

0.0
45. 0
60. 0
TEST 5
5
20. o
40. 0
60. 0
80. 0
100.0
ô
.f

T2
aô
l-J

23
2
34
I
25

F.3 Output

l_. 0
0.0
0. 004
0. 006
0. 008

1.0
0.0
0. 008
o.or2

1.0
0. 006
0. 012
0.015
0. 018
o. 020

1.0
0.0
0.0
0.0
0.0

1.0
0.0
0.0
0.0

1.0
0.0
0.o
0.0
0.0
0.0

The output consists of

( 1 ) Tit1e for the job

(2) Control information

(3) Connection information

(4) The parameters 0o, [Xnt]o ancl n for the standardized

function for the type of connection considered.

(5) Table shorving the deviation of the standardized

function for the experimental curve.



Listing of the Program: CONNECTION
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¡** rt *** * ** * *** * * * * * * *** * * * ** * * * * * * * * ** * * * ** * * * * * * *

*
CONNECTION: THIS PROGRAM IS USED TO *

GENERÀTE THE STÀNDARDTZED *
MOMENT-ROTATION FUNCTIONS *
OF ANY CONNECTION TYPES FOR *
T{HICH THE EXPERIMENTÀL MOMENT- *
ROTÀTION DATÀ ÀRE ÀVÀILÀBLE. *

*
¡*:t* * :t * * * * ** * * * * ** * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * *

*
10 SETS OF TESTED CONNECTION MOMENT- *
ROTATION DATA CÀN BE ACCEPTED .TF *
MORE THÀN TEN SETS ARE ÀVAILABLE, CHANGE *
THE DIMEMSION SIZE OF ARRÀY EO, QO, ÀN, *
Gp, AVG, FK, NDp FROM 10 TO THE ÀPPROPRIATE *
VÀLUES. *

*
c*************************************************

E0 , Q0, AN CONSTANTS FROM THE RÀMBERG
OSGOOD CURVE FTTTING PROGRÀM

x00ÀN
=*()_E¡- -OT' TO

GP -- CONNECTION SIZE PARAMETERS
FK -- STÀNDARDIZATION FACTOR EXPRESSTON

AVG DIMENS]ONLESS EXPONENT
X -- ROTATION VALUES OF CONNECTION
Y MOMENT VALUES OF CONNECTIONS
Z -- STÀNDARDIZED MOMENT VÀLUES

ÐTMENSTON E0 ( 10 ),Q0 ( 10 ),ÀN ( 10 ),NDp ( 10 ),X( 20 ), y( 2 0,20),Tlrls ( 18 ),
& cp(5,10), Àvc(10), À(200), B(200), FK(10), c(600),vv(20),2(20)

REÀD(5,5) rrrr,e
FORMÀT( 18A4)
REÀD(s,*) NDS, NCOM, NPC
READ(5,*) ( X(r ), I=1, NPC)

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c

5

c
c

7
wRrrE(6,7) TrrLE, NDS, NCOM, NPC, ( X(I),
FORMAT (' t' / /tt¡ ,t8A4 / /' NËTMBER OF SETS OF

& ' NLMBER OF STZE PÀRÀMETERS"T3//
& I NUMBER OF ROTÀTION VÀLUES CONSTDERED IN
&NLESS EXPONENT' ,r3//
6, ' ROTATION VÀLTJES (naUrAN) 

"20F10.5//)wRITE(6,5)
FORMÀT(' CONNECTTON SI ZE PÀRAMETES', / /

6, ' CONNECTION' ,2X,' SI ZE PARÀI'ÍETERS' )

I=1,NPC)
DÀTÀ', ,r3/ /

COMPUTING THE DIMENSIO



I
10
c
c

2T

20
c
c
c
c
c

195

DO 10 J=1, NÐS
REÀD(5,*) (GP(I,J),I=1,NCOM)
wRITE(6,8) J, (Gp(I,,:), I=1,NCOM)
FORMÀT(t9,4X, 5Ft0.5)
CONTTNUE

cÀLL REÀDÀ (NpS,E0,Q0,ÀN,Xl )
cÀLL GEN(X,Y,E0,Q0,ÀN,NDS,NPC)
cÀLL EXPNT ( Gp, Y , AVG , NDS , NCOM, NPC )

COMPUTE STANDARDI ZÀTION FÀCTOR K FOR EÀCH CONNECTION

DO 20 J=1, NDS
FK(J)=1.
DO 2I K=1, NCOM
FK ( J ) =GP (X, J ) **AVc (n ) *r'n (¿ )
CONTTNUE

STÀRT TO DETERMINE THE THREE CONSTANTS IN THE RÀMBERG
OSGOOD STÀNDÀRDI ZED FUNCTION

À(1)=0.0
B(1)=0.0
DX=.05
DO 30 J=2,NPC
SUM=O. 0
DO 26 I=1, NDS
SUM=SUM+FK(i)*Y(J,I)
CONTINUE
À(J)=x(J)
B (J ) =SUM,/NDS
CONTINUE
NP=NPC
NNP=NP-1
MI=l
ltlt=]r{l+J*¡¡P
M3=M2+NNP
CALL CFrr(e,B,C(MI ),C(t'tZ),C(M3),pl,p2,p3,NNp,Np,Dx)
I^TRITE (6,9 ) el, P2,P3
FORMÀT('I"r THE 3 CONSTÀNTS OF THE RAMBERG OSGOOD FUNCTION FOR

tHE STÀNÐÀRDTZED FUNCTION E0 Q0 ÀN ÀRE:'/3Ft5.5)
I^TRITE(6,11)
FORMÀT(' 1 

" 
/ /' COMPARISION OF EXPERTMENTÀL STANDÀRDI ZED FUNCT]ON

& MOMENT VÀLUES"/
6, ' NOTE EXPERIMENTAL VÀLUES MULTIPLIED BY STANDÀRDIZED FACTOR'/
& ' EXPERIMENTÀL' ,5X,'STANDÀRDIZED FUNCTION' ,5X, 'PERCENT DTFFER.'/)

COMPUTE STÀNDARDI ZED MOMENTS



65

60

RMl=0.0
DO 60 JK=2, NPC
RM=RMl
cI=x(JK)/Pl
C2=I. /P2
C3=1 . / (P2**P3)
FM=C1 -C 2 *RM-C 3 *RM:t * P3
FMP=-C2-P3 *C3 *Iìlf** ( P3-1 . )

RMl=RM-FM/FMP
rF (ess(RMI-RM) /wfl .L?. .001) COTO 65
RM=RMl
GOTO 55
z(JK)=RM1
RMl=0.0
CONTTNUE
DO 50 JJ=l, NDS
DO 52 JK=2, NPC
YY ( JK ) =Y (.:It, JJ ) *FK ( JJ )
pER= ( (z(,¡¡t)-yy(JK) )/yy(JK) )*100.
wRrrE(6,12) vv(¡x), z(JK), PER
FORMÀT(rtg. 4, 5X,F2!. 4, 5X,F15. 2 )
CONTINUE
CONTI NUE
STOP
END

THTS SUBROUTINE READS IN THE EXPERÏMENTÀL
MOMENT-ROTÀTION VÀLUES FOR EÀCH TESTED CONNECTION
AND FITTED THE DÀTÀ WITH RÀMBERG OSGOOD FUNCTION

SUBROUTINE READA (NUS, EO,QO,ÀN,X]
DIMENSION EO (NOS ),QO (N¡S ),ÀN(NOS )

TNTEGER*2 tABEt(5)

DX=. L
DO 10 N=1, NDS
REÀD(5,1) LABEL
FORMÀT( 5À2 )
READ(5,*) Np, Fl, î2
wRITE(6,2) reBeL, NP, FI, F2
FORMÀT('T'// I TEST LABELZ' ,5A2/'

&' ROTATION ÀND NONENT CORRECTION
6. ' EXPERI MENTÀL VALUES AS I NPUT ' ,/'
DO 20 K=I,NP
READ(5,*) PGG,Dl,D2
I^TRITE(6, 3) pCC,Ð1,Ð2
FORM.AT (rro. 5, 6X, FI0. 5 )
x(K)=(D1+o2)/FI
Y(K)=PGG*F2
CONTINUE

L96

)

,x(50),Y(50),B(50o)

NO. OF DÀTÀ'. ,r3 , /
FÀCTOR RESPECTIVELY 

" 
ZFIS .5/

M{)MENTS 

" 
5X, 'ROTÀTIONS' )

T2
-52
50



10

5

30
20
IO

T

197

NNP=NP-1
Ml=1
]vll=![]+l*¡q¡.¡p
M3=M2+NNP
CALL CFIT(X,y,B(Ml), g(M2 ),9(t"fg),p],p2,p3,NNP,NP,DX)
E0(N)=PI
g0 (N') =P2
ÀN (N ) =P3
CONTINUE
wRrrE(6,5)
FORMÀT ( / / / / /' THE

&CURVE-FITTED WITH
&' CoNNECTION"I3X
DO 30 J=1, NDS
wRITE (6,4) J,E0 (J
FORMÀT(111,3F15.5
CONTINUE
RETURN
END

DO 10 I=1, NDS
A=E0(T)
B=Q0(i)
C=ÀN(I)
RMl=0.0
Y(1,r)=RMl
DO 20 J=2,NPC
RM=RMl
CI=x (J) /A
C2=!. /B
C3=1./(B**C)
FM=CI -C 2 * Rlt{-C3 *Rl{* * C
FMP=-C2-C*C3*Rt{** ( C-1 . )
RMl=RM-FM/îMP
iF ( ABs (RMl-RM)/nur .lt.
RM=RMI
GOTO 40
Y(J,r)=RMl
CONTINUE
CONTINUE
wRITE(6,1)
FORMÀT (, T' //' ROTATTON'
DO 50 I=1, NPC

.001) coro 30

VALUES OF 80, Q0, AN FOR TNDMDUAL CONNECTION
THE RÀMBERG OSGOOÐ FUNCTION ÀRE-"/
' E0 ' , 13X , ' Q0 ' , 13X , ' AN ' )

,Qo(J),tN(;)
t

30

c
c
c
c
c
c
c
c

THTS SUBROUTINE GENERÀTES THE MOMENT VALUES CORRESPONDING
THE INPUT ROTÀTTON VALUES FOR COMPUTING THE DTMENSIONLESS
EXPONENT FROM EÀCH CONNECTION'S RAMBERG OSGOOD FUNCTION

SUBROUTI NE GEN ( X, Y, EO , QO , ÀN , NDS , NPC )

DTMENSTON X(NpC) ,y( 20,NDS) ,80 (NDS) ,Q0 (NDS) ,ÀN(NOS)

,5x,'MOMENT FOR EACH CONNECTION')



?,

t0

c

wRITE(6,2) X(l), ( Y(r,J), J=l,NDS)
FORMÀT(F9. 5, 5X, l_0F10. 2 )

CONTI NUE
RETURN
END

THIS SUBROUTINE COMPUTES
EXPONENT CORRESPONDING TO

l_9 B

THE DÏMENSIONLESS
THE SI ZE PARAMETER CONSIDERED

SUBROUTI NE EXPNT ( Ge , Y, ÀVG, NDS , NCoM, NPC )

DIMENSION GP(5,NDS), Y(20,NDS), NCN(]O), ÀVG(HCO¡T)

DO 5 I=1, NCOM
SUM=0.0
NCOUNT=0
READ(5,*) NC
READ(5,*) (

NNC=NC-1
DO L0 J=2,
DO 15 K=I,
NI=NCN ( K )
KK=K+1
DO 20 KM=KK, NC
N2=NCN ( KM )

ÀT=ÀLOG( V(¡,N1 ),/Y(¡,N2 ) )/ALOG(
SUM=SUM+ÀT
NCOUNT=NCOUNT+l
CONTI NUE
CONTI NUE
CONTI NUE
AVG(I )=SUM,/NCOUNT
WRITE(6,3) I, ÀVG(I)
FORMAT(//,TH ,'ÀVERAGE VALUE OF

& 'IS 
"FI5.5)CONTI NUE

RETURN
END

cP(i,N2)/GP(i,¡¡t) )

EXPONENT FOR PARAMETER' , I 3,

THIS iS THE RAMBERG OSGOOD CURVE-FI TTI NG SUBROUTI NE

suBRourINE cFIT(X,9, F, F0, L,E0,Q0,AN,NNp,Np,DX)
DI MENS I ON X ( NP ) , Q ( ¡¡P ) , T ( NNP , 3 ) , F O ( NNP ) , I, ( NNP ) ,

1À(3,3), B(3)
REAL L

NcN(J), J=l, NC )

NPC
NNC

20

I5
IO

c

c

c
c
c
c

Q0 = ÀBS(( Q(NP) - A(r))/2)



QI=Q0
D0 10 J=2, NP

02 = ÀBS( O(J) - 0(1)
ír ( ÀBs(Qo - Q2) .cn.
Q1 =ABS(Q0-Q2)
K=J
CONTÏ NUE

rF ( e¡s( Q(K) - Q(1
(=K-1
K = t'1AX0 (K, 2 )

E0 = ABS( x(t<) - x(1
O0 = ABS( Q(K) - Q(l
AN = 10.
51 = Q0*1.0810

:TERATE PARAMETERS
I{RirE (6,25)
îOPJ.4AT ( / /' VÀLUES OF

S0=51
IORM FO, FP, L INVERSE

D0 20 J = 2, NP
l=J-1
Q9=(Q(J) -A(l))
QB = ABS(Q9)
Q7 = Qg**(AN-])
È(1,1) = - ( x(J) - x(1) )/no**z
F(r,2) = Q9lQ0*(1. + ¡!.{*Q7)

= -09*Q7*ALOG (08 )

= ( x(J) - x(1) )/80 - Q9*(1.
= r./( t. + ( r. + ÀN*ÀBs((O(J)

l** (ÀN-1) ) **2 )
CONTI NUE
D0 30 I = 1, 3

D0 40 J = 1, 3

f = 0.0
DO 50 K = f,NNP
f = c + F(K,I)*L(K)*F(K,J)
CONTI NUE
À(I,J) = c
CONTI NUE
Ç = 0.0
D0 60 K = 1, NNP
c - c + F(K,r)*L(K)*ro(K)
CONTI NUE
B(I) = Ç
CONTI NUE
N0 = 3.0
Nl=N0 -1
D0 70 J = 1, NI
JJ-J+1
DO 80 f=JJ,N0
À(t,J) = À(J,r)/A(J,J\
D0 90 K = I, N0
À(i,K) = À(I,K) - À(I,J)*A(J,K)
CONTI NUE

L99

)

Ql ) Goro 10

.LE. Q0 ) coro 200

E0 Q0 ÀN sl IN EACH CYCLE OF ITERATION')

/ao

F(I,3
FO(I)
L(i )

+ Qg** (ÀN-1 )- o(1))/a0)



200

B(I) = B(I)
CONTINUE
CONTINUE
DO 101 I =
II = N0 + 1 -

1, N0
I

rF (rr.ng.No ) Goro 400
JJ = II + 1

DO 111 JK = JJ, N0
B( ir) = s(lr) - A(rr,JK)*B(JK)
CONTINUE
B(II ) =
CONTINUE
E0=E0
00=00
AN=ÀN
51 = 0.0
DO I2T
C = 0.0
DO 131

CONTINUE
51=Sl
CONTI NUE

s(ir)/¡.GI ,II)
- B(1

B(2
B(3

f = 1, NNP

J = 1, 3
F(r,J)*B(J)
+ ( F0(r) - c )*r,(i)*F0(r)

wRtrE(6,*) 80, Q0, AN, 51
rF ( ens(so-sr)/ABs(s1).Gr. Dx
RETURN
END

) coro 300
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APPENDIX G

COMPUTER PROGRAI.I: TFNCSAP

In this Appendix, the user manual for the computer

program TFNCSAP is presented. An example and the listing of

the program are also included.

c.1 Numerical Definition of the Structure

In this analysis, the overall- structure is considered

as a single three-dimensional- frame, âs illustrated in

fig. G.1. A global coordinate system is chosen at one corner

of the structure such that the joint coordinates generated

by the program are always positive. The numbering of the

joints, beam members and column members, and storey levels

are to be exactly the same as that shown in Fig. G.l-. The

numbering is automatically generated by the program. Cross-

bracing elements are used, and are numbered from the top

floor to the bottom floor, from one braced bay to another,

as shown in Fig. G.1. Each braced bay is defined as the bay

having a cross-bracing element from the top floor to the bottom

floor in that bay.

G.2 Input Data

For convenj-ence, input is in free format exceÞt as

indi cated .



9

15 l_6t3 1ll

L5

10

7

l_8

11

o

I2

9

2I 24

-sl
23 co

B

22

L4

10 11

L7 f
5

T7
20

6

5

t 4

3

I
t

b

16

2 3

19

^1

234
(a) Numberino, of Beams Columns

Joi;r't. in Storey Level- 1

Beams

202

ave Joint and
lumn

xi
J

Master Joint

Storey Level 1

Storey Level 2

vl
J

(b) Three-Dimensional
V l- e\^¡

Beam

Maste
Join

Colu

\
q

Bracing
OrigÍn

FTG G.1 TYPTCAL STRUCTURE



Joh Title Card (9AB)

Job title to be printed v¡ith the output

Control Information Cards

203

Descr ipt ions

Number of storeys

Number of bays in Xi direction

Number of bays in Xå direction

S¡rstem of units used ( SI or BR )
Default is SI

Enter PY = P-A effect included
or PlÍ = P-A effect not incl-uded

Modulus of elasticity. Default
is 30000 ksi or 200 GPa

Shearing Modulus. Default is
l-2000 ksi or B0 GPa

Number of loaded joint
enter 0

If none

Card Type I

Variables

NSr(r5)

t'tBAYl ( I5 )

NBAY3(r5)

r2(A5)

PDEL(A5 )

EE(10.0)

GG( 10. 0 )

Card Type 2

NLJ

}IIT{C

}iL\{U

NTA

Number of concentrated load on
al-l beam members. If none enter

Number of uniformly loaded bearn.
If none, enter 0

Enter
either 0 - pinned connection

orf=rigidconnection
or 2 - connection stiffness

is any constant value
or 3 - connection stiffness

is non-linear



Card Tvpe 2

NFT

NBF

204

( Cont inued )

Number of bracing elements '
If none enter 0

Number of braced bay' If NFT

is zero, NBF should also be zero

J. Structural Geometry Cards

Card TyPe l

Variables

ANODEl

ANODE3

HEI

SPANl ( N )

SPAN3 ( l'T )

DHE(N)

Card TyPe 2

NBP

Descript ions

l{aster joint coordinate in Xi
direct ion

Master joint coordinate ín Xi
direct ion

Height of the structure

Length of each baY in Xi direction '

NBAY1 vaLues will be entered

Length of each baY in X= direction '

NBAY3 values wi-11 be entered

Height betv¡een f loor l-evel' IIST
values will be entered

Numtrer
has its
13 and

Fig. G.

of bearn tYPes. Each tYPe
own distinct set of 11, IZ

A vafues as defined in
2

Card Tvpe 3

-+Prepare a card for each bearn type ' and each contains
four data items

BP(I, J) Beam section properties card' The

four data items are entered in the
order tt, IZ, 13, and A'



Cross-section

FIG G.2 BEAI4 SECTTON PROPERTIES TN A TYPICAL FLOOR



Card TYPe 4

I\TCP

Card TyPe 5

cP(I, J)

Number of cofumn
type has its own
r1' r2' r3' and

defined in Fig.

206

types. Each
distinct set of

A values as
õ.)\1. J

Card Tvpe 6

Prepare one or more cards for the identification of
the dlfferent types of beam' Each type is identified
by a number "otíã"ponding-to 

the sequence number in
r,,,iri"h it appears in Card TYPe 3 '

Each beam should have à section property identification
nurnber associated with it '

rBp( N ) Identification nurnber for each beam

Col-umn section ProPerties card'
The four section ProPerties are
åntere¿ in the order Il, 12' 13'
and A

Card Tv'oe 7

Prepare one or more cards for the identification of
the different-tlpãs of columns. Each type is
identified by a'number corresponding to the sequence

number in which it appears in Card Type 5 ' Each

column should have a* section property identif ication
number associated with it '

ICP(N)

Connection Information Card

Identification number for each column

This set ct cards is required when NTA is either 2 or

3. The tc¡tal-,'o*ntt of -carãs required is NFB' The

cards should be pracea corrãiponáing to the order of
iñã ""*Ueríng 

of the beam rnembers '
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*.'-=-Cross-section area A

FIG G. 3 COI,Ü}{N SECTTON PROPERTIES

1"i

I"
rz

<-
,/

,/./
,{
*3
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Connection Information Card (Continued)

Enter the f ollorving data items in each card tl'hen

NTA = 2:

Variables DescriPtions

Beam member number

Connection stiffness
as shown in Fig ' G'2

Connection stiffness

following data items in each

I\T}.7

SA

SB

Enter the
NTA = 3:

ICT(r,M)

at end A

aL end B

card tt'hen

Pf, P2, P3, P4

Bracing Blement Cards

Card Tvpe 1
4Æ--

Prepare one

Variabl-es

N

rNT( 1, N)

Type of connections:
f = single web
2 = double v¡eb
3 - header Plate
4 - top and seat angle
5 - straP angle
Selection the one that is used

The geometric Parameters as shown

in Ï.lg. 4.1. If a Particular
p.tttnãt.t is not applicable, enter
o.

card for each bracing element

DescriPtion

Bracing element number ' llumber
as exPlained in G' 1

Joint numher at the lower end of
the bracing element' This number

i; the number generated bY the
program as exPlained in G'1

Joint number at the uPPer endrNT(2, N)
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Card' TYPe 2

NTP

q"rç!- TvP"- t

PrePare à card for
EacLt has one data

TP( }I )

Va"riable

K

P

T

B

Number of tYPes of different
;;;;=-section areà of bracing
e 1 emen ts

each bracing element tYPe'
item.

Bracing element cross-sectional
àTeà

the id'ent if ication of
iup.. Each tYPe of
brv à nttmber
nim¡er in which it

Bach bracing element should have a section propertv

identification number associated with it '

Loading Information Cards

Card TYPe 4

PrePare one or rnore cards f or

;;;-ãiir.ttttt bracing element
bracing element is identified
;;;;;;p.nding to the sequence

;;;¿;;; in card rYPe 3 '

(a) Joínt Load

PrePare one card for.each
ll Ñl.i is zero' Positive
load is as shown in G'4'

loaded joint ' Ignore
direction of joint

DescriPt ions

Loaded joint number

Force rn

Force in

\¡l"l

.)

or xi direction

or lvioment about directioYr"r

T.l
J

at In2Moment about or direction



o
Dl't

l";

f'^;

Á

l";
I

+ Pi

l.^i
o __*+

(a) Master Joint Loads

¡"i

2L0

Joint Loads

DIRECTION OF

xl
J

(b) Slave

FIG. G.4 POSTTIVE JOINT LOADS



6.

2l-l-

Loadihg Information Cards (Continued)

(b) Beam Concen!¡g!ç!_!9ê!

Prepare one card for each beam with different
concentrated load. Ignore if NL\IC ís zero.
Positive direction of the beam concentrated
load is as shown in Fig. G.5.

Variable

K

P

AL

Vari ab1 e

v

P

G.3 Sample Example for Input

//c0.SYSN DD:
INPUT FOR EXAMPLE 2 IN CHAPTER 6

(c) Beam with Uniforrnly Distributed Loaci

Prepare à card for each beam u'ith uniformly
distributed l-oad over its full length' Ignore
if NLI4U is zero. Positive direction of the
load is as shorvn in Fig. G.6.

Descript ions

Beam member No.

Force on beam in Xi direction

Distance of the force P from the
A end as shorvn in G. 5

Descript ions

Beam mernber No.

Ilniforrnly distributed load in X.à

direct i on

208
10.0 I

1

100.0
1

100.0
111
111

1

00
.0 40.0 20.0

S]2

I
0

PN

20.0 20.0 20.0 20.0 20.0

200 .0 200 .0 15 .0

200 .0 200 .0 ls .0
111r1
11111
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/
*3

FIG G.5

l;

POSTTIVE DTRECTION
CONCENTRATED LOAD

OF BEAI.Í

P

POSITIVE DIRECTTON OF

UNIFORMLY DISTRIBUTED

*3

BEAM
LOAD

FIG. G.6
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c.3 Sample Exampl-e for Input (Continued)

5

l_0

1

2

3

4

5

6

7

B

0.0
0.0

0.0
0.0

10 .0

10 .0

0.24
0.24
0.24
0.24
0 .24
0 .24
ñ 2¿.

0.24
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LTSTING OF COMPUTER PROGRÀM;

TFNCSAP



215**************** ***** ********************* ** ** ******* ***
* TFNCSÀP: THREE DIMENSIONAL STEEL FRÀMES ** ÀNÀLYsIs PRoGRAM T.TITH oR WITHoUT ** CONSTDERING CONNECTION ÐEFORMÀTION *
*¡t

PROGRÀMMED BY:
K. M. ÀNG
DEPÀRTMENT OF CTVIL ENG]NEERING
THE UNIVERSITY OF MÀNITOBA
WINNIPEG MANITOBÀ

* DATE: ÀPRIL 1983 ***
***** *** ************ **************** ** * ** *** **********

*
*
*
*
*
*
*

*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*

PROGRÀM LIMITAT]ONS:
1) ÀNÀLYZE RECTANGULAR STRUCTURE
2) TYPES OF BEAM ÀND COLI'MN SECTION

RESTRICTED TO 20
3) DIMENSTON STZE OF ÀRRÀY À CONTROL

THE STORÀGE REQUTREMENTS OF
STRUCTURES ÀNALYZED*¡

******************************************************

EXTERNÀL SFRÀ,ME
REAL *8 IHO2O8

*
*
*
*
*
*
*
*
*

CALL ERRSÀV
CÀLL ERRSET
CÀLL GETCOR
CÀLL ERRSTR

208, rHO208 )
208, 999, -1, I )
SFRAME )
208, rHO208 )

STOP
END
SUBRoUTINE SFRAME( A, NZZ )

TMPLTCIT REAL*8 (E-H ,O-Z)
DIMENSION A( l2OOOO ), BHED( 9 )
coMMoN /m/ NST, NBAYI, NBAY3
coMMoN /onn¡ NTJ, NFB, NFC, NBÀND, NEQ, NXt{
coMMoN /,IBRACE/ NFT, NBF
coMMoN nÅAT/ EM, cM
coMMoN /ALOAÐ/ NLJ, NLMC, NLMU, NLTI, NLT2, NLT3
coMMoN /sger/ BP(4,20), CP(4,20)
coMMoN /sE,cr?/ rP(20)
coMMoN /coN/ FACTOR,îAC?,FÀC3,FÀC4
coMMoN /uNlTS/ UNTTl,UNIT2,UNIT3,ËtNIT4,UNIT5,UNIT6,UNIT7
REAL*8 UNITi_,UNTT2,UNIT3,UNIT4,UNIT5 TUNIT6,UNIT7
REÀL*8 TNCHES/' (IN)' /,FEET/' Gt)' /,SQÍN/' (IN**Ð'/,rN4/ ' (IN**4)

& Krps/' (Krps)' /,KrpET/' (Krp-FT), /,KrppFT/' (K/Ft).'/'
REAL*.8 .Iñfi|r/' (¡fr'{) '/,laefnes/' (l¡efReS), /, Se}d"l,/' (I.,û,t** Z), / ,t, yNt4/' (MM**4 )' /,KN/' (KN)' /,KNt{./' (KN-M) r /,XW9U/' (KN/M!' /



REÀL *8 GPA/' (GPA)'/, RST/ '(KSI ) 
"/INTEGER*z T2 , BRUNI'T/'BR, /, BLANK,/'

LOGICÀL SSI, PPY

2I6

' /, 13/'sr', /,PÐEL,Pl/'Py' /
c
c
c
c

100

200
c
c
c

250

c
c
c

RF]ÀD IN TITLE

REÀD(5,100) BHED
FORMÀT( gEE )
wRrrE (6,200 ) sHep
FORMAT('1"10X,9A8// I **** BUILÐING GENERÀL INFORMÀTION **XX'/)

c
c
c
c
c
c

READ TN BUILDING INFORMÀT]ON

REÀD ( 5, 250 ) ¡lSr, NBÀYl, NBÀY3,
FORMÀT( grS, 2A5, 2F10.0 )
REÀD(5,*) NLJ, NLMC, NLMU, NTA,

TO ÀVOTD ZERO SUBSCRIPT TN

T2, PDEL, EE, GG

NFT, NBF

LOAD VECTOR

NLT1=NLJ
NLT2=NLMC
NLT3=NLMU
IF(Ntr1 .EO. 0) NLTI=1
rF(NLT2 .EQ. 0) NLT2=1
IF (NLT3.80.0 )Xl,t3=1

CHOOSE THE ÀPPROPRIÀTE INPUT SYSTEM OF UNTT

SSI = .TRUE.
IF ( tz .EQ. BRUNIT ) SSr = .FALSE.
IF ( tZ .EQ. BLANK ) tz = 13

PPY=.FÀLSE NO PDELTÀ EFFECT CHECK WÀNTED
PDEL=PY OR PN

PY---PDELTÀ EFFECT INCLUDED IN ANÀLYSIS
PN---PDELTA EFFECT NOT TNCLUDED TN ÀNALYSTS

PPY= . FÀLSE.
IF ( pOer .80. PY ) PPv=.TRUE.

rF ( ssr ) coro 300
DFLTE = 30000.
DFLTG = 12000.
FÀCTOR = 12.
FAü2=1.0
FhC3=1.0
FÀC4=1.0
UNIT = KSI
UNI T1=I NCHES
UNI T2=FEET
UNIT3=SQIN
UNI T4=I N4



UNI T5=KI PS
UNI T6=KI PFT
UNI T7=KI PPFT
coro 400

300 DFLTE = 200.
DFLTG = 80.
FÀCTOR = 1000.
FAC2=0.0394
FAC3= 0 .7375
FÀC4=8.8503
UNIT = GPÀ
tlNI T1=MM
UNI T2=METRES
UNT T3=SQMM
UNI T4=MM4
UNIT5=KN
UNITS=KNM
UNI T7=KNPM

400 EM = DFLTE
GM = DFLTG
IF ( ee .NE. 0.0 ) gl,f = EE
rF ( ce .NE. 0.0 ) c¡¿ = GG

c

430
wRrrE ( 6, 430 ) NSr, NBÀYI,
FORMÀT ( t NUMBER OF STOREYS

' NUMBER OF BÀY TN

' NUMBER OF BAY IN
' TYPE OF AìüÀLYSIS:I -O BEAMS PTNNED
' =1 BEAMS FIXEDI =2 BEÀM COLIIMN
' ÀLL ÞOSSIBLE
' =3 CONNECTIONS

440

&

&

&

&

&

&

6,

&

&

&

NBAY3 , NTÀ, NFT, NBF
aaaaaaaa

XI ....x3..
TO COLI'MNS'/

TO COLUMNS'/
CONNECTIONS CAN TÀKE , /

VÀLUES OF STTFFNESS '/
ÀRE NON-LTNEAR '//

2I7

. ' ,flj/

. ' ,L!0/. 
"Ir0//. ' ,rr0/

'NUMBEROFBRÀCING......"r!0/
' NUMBEROFBRACEDFRÀME .... . 

"IIO/)wRrTE(6, 440 ) pOeL, !2, UNIT, EM, UNIT, GM, NLJ, NLMU, NLMC
FORMÀT (' P-DELTA EFFECT CHECK . . . . 

"Al0/' = PY--PDELTÀ INCLUDED IN ANALYSIS'/I = PN--PDELTÀ NOT INCLUDED IN ÀNÀLYSIS'//
&

&

&

&

&

&

&

6,

' SYSTEMOFUNITUSED... O ' '
' MODULUS OF ELÀSTICITY' ,Ä5,' . . . .

' SHEAR MODULUS"A5T' . . . .I NUMBER OF LOADED JOINTS . O''''
' NUMBER OF UNIFORMLY LOÀDED BEAM

' NËMBER OF LOADED BEÀM-CONCENTRATED

NFRJ = # Or FREE NODE INCLUDE MÀSTER NODE
NSJ = # OF SUPPORT JOINTS
NTJ = TOTAL NO. OF JOINTS
NFB = TOTÀL NO. OF BEAMS
NFC = TOTÀL NO. OF COLTMNS
NBAND = BÀND WÏDTH
NEO = NO OF EQUATIONS

c
c
c
c
c
c
c
c
c



NFRJ = ((¡lgavt + 1)*(NBÀY3 + r) + I)*NST
NSJ = (H¡eyf + 1)*(NBÀy3 + f) + I
NFB = (Ngev3*(NAeyt + r) + NBAYI*(Ngevg + 1) )*NST
NFC = (l¡nAvg + l)*(NBAYl + I)*NST
NTJ=NFRJ+NSJ
NBÀND = (Wt,:/(¡lsr + 1))*2*3
NEQ = NTJ*3
NXM = NEQ*NBAND

*** SET UP STORÀGE MÀP

218

R*8 JOINT COORIDINATES
I*4 BEAM TNCIDENCE TÀBLE
R*8 T,ENETH/BEY IN Xl DIRECTION
R*8 LENGTH,/BÀY IN X3 DIRECTION
R*8 HEIGHT PER STORY
I*4 COLUMN INCIDENCE TÀBLE
I*4 BEÀM SECTION IDENTTFICÀTION NO.
I*4 COLUMN SECTION IDENTIFICATTON NO.
1*4 CONNECTION TYPE IÐENTIFICÀTION NO.
R*8 CONNECTION MOMENT MULTIPLICÀTTON FACTOR
R*8 CONNECTION STIFFNESS
R*8 GLOBAL STIFFNESS MÀTRIX
R*8 CÀLCULATED DISPLÀCEMENT VECTOR
R*8 JOINT LOÀD VECTOR
R*8 BEÀM A ENÐ FORCES
R*8 BEÀM B END FORCES
R*8 COLT'MN À END FORCES
R*8 COLUMN B END FORCES
R*8 COLT]MN A END TN-PLÀNE FORCES
R*8 COLUMN B END IN-PLÀNE FORCES
R*8 BEÀM CONCENTRÀTEÐ LOAD
R*8 BEAM UNIFORMLY DISTRIBUTED LOAD
T*4 UNIFORMILY LOÀDED BEÀM MEMBER NO.
T*4 LOÀDED JOTNT NUMBER
T*4 CONCENTRÀTED LOÀDED BEÀM MEMBER NO.
T*4 BRÀCING TNCIDENCE TABLE
I*4 BRÀCING PROPERTY IDENTIFICÀTTON NUMBER
R*8 BRÀCTNG A END FORCE
R*8 BRACING B END FORCE

LOCÀTION

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

Nl CN( 3,NTJ)
N2 rNB ( 2,NFB )
N3 SPAN] (NBÀYI )
N4 SPAN3 (NBÀY3 )

N5 DHE(NST)
N6 rNC ( 2 ,NFC )
N7 IBP(NFB)
N8 iCP(NFC)
N9 rrc ( 2,NFB)
NI0 FK(2,NFB)
Nll SC(2,NFB)
N12 SS(NBAND,NEQ)
NI3 JD(3,NTJ)
N14 AJL(3,NLTI )

NI5 BFÀ(3,NFB)
NI6 BFB( 3,NFB)
NI7 CFÀ(3,NFC)
Nl8 CFB(3,NFC)
Nl9 CrÀ(3,NFC)
N20 CrB(3,NFC)
N21 ÀLMC(3,NLT2)
N22 ALMU(3,Nrr3)
N23 MU (HI,UU)
N24 MJ(NLJ)
N25 MC (NÏ,UC )
N26 rNT(2,NFT)
N27 ITP(NFT)
N28 TFA(NFT)
N29 TFB(NFT)
N3O NEXT STORÀGE

NI=1
N2=N1+3*NTJ
NJ=!f l+l*¡gp3
N4=N3+NBÀYI
N5=N4+NBAY3
N6=N5+NST
N7=N6+2*NFC
N8=N7+NFB
N9=N8+NFC
N10=N9+2*NFB
N11=NI0+2*NFB
Nl2=N11+2*NFB
Nl3=N12+NXM
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N14=N13+NEQ
N15=N14+3*NLTI
NI5=N15+3*NFB
NI7=N15+3*NFB
N18=N17+3*NFC
Nl 9=N18+3*NFC
N20=NI9+3*NFC
N2 I =N2 0+ 3 *NFC
N2 2=N21 +2*NLT2
N23=N22+NLT3
N24=N23+NLT3
N25=N24+NLT1
N26=N25+NLT2
NITER=1
NPDT=1
NPD=1
NCOUNT=1

cÀLL GENTNp( A(Nl), À(N2), À(N3), À(N4), À(N5), A(N6) '& À(N7), A(N8) )-cell 'órÑr'o(.eiHg), À(NI0), A(Nl1), A(N15), A(NI6),NrÀ, SSI )

IF (Nrr.EO.0 ) GOTO 450
N2 7 =N2 6+ 2 *NFT
N28=N27+NFT
N29=N28+NFT
N3O=N29+NFT
CALL INTRS( À(N26), À(N27) )

450 CALL COt( À(N}), À(N6), À(N8), A(Nl2) )

cÀLL BEAM( e(Hr), À(N2), À(N7) , À(N11) , À(N12
IF(NBF .GT. O) CÀLL BRÀCE(A(Nl), À(N26), À(NI2
IF (NTINN.GT. 1 .OR. NPDT.GT. 1 ) GOTO 401
CALL LOAD( À(Nl), À(N2), A(N7), A(N]I), A(NI3

& À(N14), À(Nl5), À(Nl6), À(N21), A(N22), A(N23
coro 402

)

, A(N27) )

,
, À(N24), À(N25)

401 CÀLL RELOÀD(A(NIl), A(NI3), A(Nl5), A(NI6) )

4Oz CALL SpT( À(N]2), À(N13) )

CALL EQN( À(Nl), A(NI2), A(NI3) )
cÀLL BúFi À(¡lll, A(N2),'À(N7), À(NI]), À(N]3) , 4(N}?), À(Nl6)
cÀLL CMF( e(Nr), A(N5); A(N8), A(N]3), À(N17), À(N18) '& À(N19), A(N20) )-rFi Ñer'.cù. 0 ) cALL FBRAcE( ¡(Nl), À(N26), À(N27), A(NI3) '& À(N28), A(N29) )

NPCODE=0
NCCODE=0

PDELTA ÀND CONNECTION DEFORM'.TION NOT INCLUDED IN ANÀLYSTS

IF ( .NOt.PPY .AND. NTÀ .LT. 3) STOP

CONNECTION DEFORMÀTION ÀND PDELTÀ INCLUDED IN ÀNÀLYSIS

c
c
c
c

c
c
c
c
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IF (ppv .AND. NTÀ .EQ. 3) GOrO 452

ONLY PDELTA INCLUDED IN ANÀLYSIS

IF (PPY .AND. NTA .LT. 3) GOTO 452

ONLY CONNECTION DEFORMÀTION INCLUDED IN ÀNALYSTS

rF (.NOT.ppy .AND. NTÀ .EQ. 3) GOTO 466

rF ( Hpnr .LT. z0) coro 456
wRrrE(6,455)
FORMÀT(' P-ÐELTÀ EFFECT DOES NOT STÀBTLIZE')
NPCODE=2
rF (Nra .rr.3) srop
GOTO 466

rF (¡lpo .cr. o) coro 457
NPCODE=1
IF(NTÀ .LT.3) STOP
GOTO 466

CALL PDELTÀ( À(N5), A(Nl3), e(¡¡t+), A(N]7), À(N24),NpD,NPDT)
NPDT=NPDT+1
rF ( ¡¡re .LT. 3) coro 450

rF ( Hrrnn .LT. 20 ) coro 468

wRrrE (6,467)
FORMÂ,T( ' CONNECTIONS FELTXTBLE, STIFFER CONNECTION NEEDED')
GOTO 477

rF (¡tpcoos.Ee. z) sroP
rF (NCOUHT .cr.o) COTO 469
NCCODE=1
rF (¡lpcooe .EQ. 1 .ÀND. NCCODE .EQ. 1) STOP
IF (.NOT. PPY) STOP
GOTO 450

CALL rrER( À(N11), À(N15), A(N16), NCOUNT)
NITER=NITER+1
rF ( .NOT. PPY) OOrO 450
IF ( NpCOUe .EQ. 1) NPD=]
GOTO 450
STOP
END

c
456

c
457

c
466
c

467

c
468

c
469

47t

c
c
c



c
c
c
c
c

c
c
c
c
c
c
c
c
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THIS SUBROUTINE GENERÀTES THE JOINT NUMBERS, JOTNT COORIDTNÀTES
BEAM MEMBER NT'MBERS ÀND COLUMN MEMBER NUMBERS, BEÀM ÀND COLT]MN
INCIDENCE TÀBLES FOR THE RECTÀNGULÀR STRUCTURE ANALYZED.

SUBROUTINE GENINP ( CN, TNB, SPÀNI, SPÀN3, DHE, INC, TBP, IcP )
IMPLICIT REAL*8 (E-U,O-Z)
coMMoN /tp't/ Nsr, NBAYI, NBÀY3
coMMoN /eev/ NTJ, NFB, NFc, NBAND, NEQ' NxM
coMMoN /sBcr/ BP(4,20), CP(4,20)
coMMoN /co[/ FÀcroR, EAc2, FAc3, FÀc4
coMMoN,/uHTTs/ UNiTI,UNIT2,UNIT3,UNTT4,UNIT5,UNIT6,UNIT7
DIMENSToN cN(3,NTJ), spANl(Hgevl), spÀN3(NBAy3), onn(NST),

lrNB(2,Nrn), r¡¡c(2,NFc), rgp(Nrg), Icp(Nrc)
REÀL *8 MNODEI, MNODE3

INPUT: MÀSTER NODE COORDINÀTES- Xl' AND X3' IN FT.
OVERALL HEIGHT OF STRUCTURE IN FT.
LENGTH OF EÀCH BAY IN XlI DIRECTION IN FT.
LENGTH OF EACH BAY IN X3' DTRECTION ]N FT..
HEIGHT OF EACH FLOOR IN FT.

READ (5,*) MNODEI, MNODE3, HEI, (SpaNl(N),N=l,N8ÀY1)
1, (SPAN3(N),N=1,NgÀY3), (OHE(N),N=1,NST)
wRITE (6,1001) UNIT2, MNODEI, UNIT2,MNODE3,UNIT2,HEI

1001 FoRMÀT( ' MÀsrER NoDE rN xl',lH',' DrREcrroN',A10,Fr}.2/
1 ' MÀSTER NODE IN X3 

" 
fH' ,' DIRECTION"ÀI0,FI).2/

1 ' HEi GHT OF BUI LDI NG 
" 

À1 0 ,FI} .2 / )
wRrrE(6,1011) UNrrZ

1011 FOAplf-t(//', BÀy NO. IN Xf"lH"' DIRECTTON"lox,'LENGTH"AS)
DO 10 NB=I, NBAY1
wRITE(6,1012) NB, SPÀNl(NB)

1012 FORMÀT(10X, r 5, 18X,F10. 2 )
1O CONTINUE

wRrrE(6,1013) UNr12
1013 îOpJ'rAT(//', BAy NO. IN X3"IH"' DIRECTIONT,lox,'LENGTH"À8)

DO 11 NB=I, NBÀY3
wRrrE(6,1014) Ne, SPAN3(NB)

1014 FORMÀT(r0X,I5,18X,F10. 2)
11 CONTTNUE

i^tRITE(6,1015) UNIT2
1015 Fe?¡qtr(//', FLOOR NO.' ,5X,'STOREY HEIGHT' ,À8)

DO 12 NB=], NST
wRrrE(6,1016) NB, DHE(NB)

1016 FORMÀT(3X,t5,10X,FI0.2)
12 CONTINUE
c
c
C GENERATE JOINTS NO. AND COORTDTNATES
c

NJ=0
TEMPI = 0.D0
TEMP3 = 0.D0
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NSH=NST+1
NBAYIP=NBÀYl+1
NBÀY3P=NBÀY3+1
DO 400 N = 1, NSH
NJ=NJ+1
CN(1,NJ) = TEMPI
CN(2,NJ) = HEI
CN(3,NJ) = TEMP3
DO 300 NN=l, NBÀY1P
DO 200 MN=I ' NBAY3
NJ=NJ+1
CN(1,NJ) = TEMP1
CN(2,NJ) = HEI
cN(3;NJ) = cN(3,N¡-I) + SPAN3(MN)

2OO CONTINUE
rF ( NN.EO.NBÀYIP ) COTO 100
TEMPI = TEMPI + SPÀNI(NN)
NJ=NJ+1
cN(1,NJ) =
cN(3,NJ) =
cN(2,NJ) =
CONTTNUE
NJ=NJ+1
cN(1,NJ) = MNODEl

TEMPl
TEMP3
HEI

300
100

cN(2,NJ
cN(3,NJ

= HEI
= MNODE3

TEMPI = 0.D0
rF (}{.eQ.NSH)OOTO 400
HET=HEI-DHE(N)

4OO CONTTNUE
c
C CONVERT TO ]N. OR MM.
c

DO 111 KK=I, NTJ
cN(1,KK) = CN(1,Xtt)*rectoR
cN(2,KK) = CN(2,nlt)*r¡ctoR
cN(3,KK) = CN(3,KK)*FACTOR

111 CONTTNUE
c
C GENERÀTE BEAM INCIDENCE TÀBLE
C NB = FIRST JOINT
C NE = LÀST JOINT
c

NB=1
NE = (Ngevt + l)*(NBAY3 + 1)
NEB = NE
JS=NB-1
JE=JS+1
MM=0
DO 950 NN = 1, NST
DO 700 N = 1, NBÀYIP
DO 600 M = I' NBÀY3
MM=MM+1
JS=JS+1
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600

700

800

900

950
c
c
c

JE=JE+1
INB(1,MM) = JS
INB(2,MM) = JE
CONTTNUE
JS=JE
JE=.fs+1
CONTINUE
JS=NB
JE=JS+NBAY3+1
DO 900 N = 1, NBÀY3P
DO 800 M = 1, NBAYI
MM=MM+1
INB(1,MM) = JS
INB(2,MM) = JE
JS=JE
JE=JE+(t.lgeyg+1)
CONTINUE
JS=NB+N
JE=JS+NBÀY3+1
CONTINUE
NB=NE+1
NE=NB+NEB
JS=NB
JE=JS+1
NB=NB+1
CONTINUE

GENERÀTE COLI'MN INCIDENCE TABLE

MM=0
NEC = NFC/NST
NE=Q
NB=NFC,/NST +1

NST
NBÀY1P
NBAY3P

MM=MM+1
JS=JS+1
JE=JE+l
rNc ( 1,MM) =
TNC ( 2,MM) =
CONTINUE
CONTINT'E
NE=NB
NB=NB+
JS=NB
JE=NE
CONTINUE

NEC+1

6s0
c
c

wRrrE (6,1002) tNITl
1OO2 FORMÀT(/i/' GENERÀTED JOINT NO. ÀND JOINT COORDTNÀTES IN ,,A8/

JS=NB
JE=NE
DO 650 NN
DO750N=
DO850M=

1

JS
JE

8s0
750
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6,' JOINT NO'r5Xr'XI'rlH'r' COORÐINATE'r5X,'X2'
&INATE" 5XT' X3 

"lH"' 
COORDTNATE' )

DO 105 N = l, NTJ
wRITE (6,1003) N, CN(1,N), CN(2,N), CN(3,N)

1003 FORt'fÀT ( 9X,I5,6X,FI0.2,8x,FI0.2,10X,FI0.2)
105 CONTTNUE
c
c

wRrrE (6,1005)
1OO5 FORMÀT ( ///' GENERÀTED BEAM INCIDENCE TABLE'/

& 2!X,', BEAM NO"10ll,'JOINT AT À-END"10X,'JOINT
NBE = NFB/NST
lvflr{ = I
MN = NBE

,1H 
" 

'C9ORD

AT B-END')

ÐO 107 N = 1, NST
wRrrE (6, 1004) N

1004 FORMÀT (lsHoSTORY LEVEL---, I5)
DO 108 M = MM, MN
wRITE (6,1006) M, rNB(l,M), INB(2,vt)

1006 FORMÀT (' 
" 

20N., 15, ]-zK, ILo, 20X, 15)
rO8 CONTTNUE

MM=MN+1
MN = (H+l)*Hgn

107
c
c

CONTINUE

wRTTE (6,1105)
1105 FORMÀT ( ///' GENERATED COLUMN INCIDENCE TABLE'/

& 21X,'COLUMN NO"10X,'JOINT ÀT A-END"10X,'JOTNT ÀT B-END')
MM=1
MN = NEC
DO 110 N = 1, NST
wRrrE (6,1004) N
DHE (N ) =DHE (H ) *TECTOR
DO 109 M = MM, MN
wRrrE (6, 1006) M, INC(1,M), INC(2,M)

109 CONTINUE
MM=MN+1
MN=(N+I)*NEC
CONTTNUE

INPUT BEAM PROPERTIES

REÀD(5,*) NBP
wRrrE( 6, 1007) NBP, UNTT4,UNIT4,UNIT4,UNIT3

1007 FORMÀT (/// ' NUMBER OF BEÀM TyPE -"r5/
& ' BEÀM TYPE"SX, TTORSION CONSTÀNT J"À8,5X,
& '2ND MOMENT AREÀ I2"À8,5X,'3RD MOMENT ÀREÀ I3"À8,
6. 5X, ' X-SECT ÀREÀ' , À8 )
DO 5 I=1, NBP
REÀD(5,*) ( eP(J'I ), J=Ì,4 )

wRITE(6,1008) r, (gp(,1,t), J=l, 4)
1008 FORÌ'ÍÀT(4X, I5, :.zX, FI5.1,20X,FI5.1,16X,FI5.1,10X,F10.1)

110
c
c
c
c



5
c
c
c
c
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CONTINUE

INPUT COLUMN PROPERTIES

REÀD(5,*) NCp
wRrrB(6,rroz) NcP, LNIT4, uNIT4, UNIT4,UNIT3
rôn¡¿¡tti,z' NI¡MBER oF coLIJMN TYPE '' ,Í5/

& t coLuMN TYPE',5X,'TORSION CONSTANT J',À8,5X,
& '2ND MOMENT ÀREA i2' ,48,5X,'3RD MOMENT ÀREA T3' ,48,
& 5X,'X-SECT ÀREÀ' ,48)
DO 6 I=1, NCP
READ(5,*) ( cP(.:,r), J=!,4)
wRITE(g,rooa) l,t cP(J,r), J=l, 4)
CONTINUE

INPUT BEAM ID. NO FOR EACH BEÀM

REÀD(5,*) (lgp(r), I=1,NFB)
wRr rE ( 6, 1111 )
rônuetti,z' BEAM No.',10x, 'BEAM TYPE ID. No.')
DO 17 M=I ' NFB
wRITE(6,1112) M, IBP(M)
FORMÀT( ?X, I 3, IlX,r:-2)
CONTINUE

TNPUT COLI'MN ID. NO. FOR EÀCH COLT'MN

REÀD(5,*) (rcp(r), I=1,NFC)
wRITE(6,1113)

'COLUMN TYPE ID. NO.')

110 7

1111

1112
t7
c
c
c

r113 FOnVer(//' coLUMN NO. 
"10X,DO 18 M=1, NFC

wRITE(6,1112) l¿,rCe(U)
18 CONTINI'E

RETURN
END

c
c
c
c
c
c
c

THIS SUBROUTTNE PERFORMS ÀN ÀSSEMBLY OF THE COLT]MN

STTFFNESS COEFFTCIENTS FOR EÀCH INDIVIDUÀL COLUMN.

SUBROUTINE COt( CN, TNC, ]CP, SS )

TMPLICIT REAL*8 (E-H,O-Z)
coMMoN /vet/ nu, GM

coMMoN /sncr/ BP(4,20), CP(4,20)
coMMoN /onN/ NTJ, NFB, NFC, NBAND, NEQ,NXM
coMMoN /rct/ NST, NBÀYI, NBAY3
INTEGER V, M, U, L
DIMENSTON CN(3,HrJ), rNc(2,NFC), SS(NXM), rcP(Hrc)

KK(t1,M1,L3,M3) = (3*t1 3*M1 + L3 - M3)*Ue9 + 3*M1 + M3 3
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DO 100 ! = 1, NXM
SS(I ) = 0.D0
CONTI NUE
MM=1
MN = NFC,/NST
DO 300 N = 1, NST
tr{ = (N + I)*NTJ,/(HSI + 1)
v=N*NTJ,/(NSI+1)
DO 310 J = MM, MN
cÀLL CELM( J, CN,ICP,TNC, A, B, C, D, E, F, G, H, P, Q,

1 U, L, V, M, ZË, XU, ZL, XL )
K = KK(U,U,1,1)
SS(K) = SS(K) +
K = KK(U'U ,2,2')
SS(K) = SS(K) +
K = KK(U,U,3,3)
SS(K) = SS(K) +
K = KK(V,U,1,3)
SS(K) = sS(K) +
K = KK(V,U,2,2)
sS (K) = ss (K) -
K = KK(V ,TJ,3,2)
SS(K) = SS(K) +
K = KK(V,U,3,3)
SS(K) = SS(K) +
K = KK(V,V,1,1)
SS (K) = SS (K) +
f( = KK (V ,V ,2 ,2)
ss(x) = sS(K) +
K = KK(V,V,3,1)
SS(K) = SS(K) +
K = KK(V,V,3,2)
SS(K) = SS(K) -
K = KK(V,V,3,3)
sS(K) = SS(K) +
K = KK(l,rUrlrI)
ss(x) = sS(K) -
K = KK(t,ü,2,2)
SS(K) = sS(K) +

K - KK(L,U,3,3)
SS(K) = SS(K) +
K = KK(t rV ,2,2)
SS(K) = ss(K) -
K = KK(L,V,2,31
SS(K) = SS(K) +
K = KK(L,V,3,1)
SS(K) = ss(K) +
K = KK(t,V,3,3)
SS(K) = SS(K) +
K = KK(L,L,1,1)
SS(K) = SS(K) +
t(= KK (L ,L,2 ,2)
ss(n) = Ss(K) +
K = KK(t,L,3,3)

c

D

E

XU*E

zu*D

F

tt

ZU*F

XU*G

( ZU**2 ) *F +

A

P

o

E

E*XL

D

D* ZL

A

B

(XU**2)*G + H



227

310

300

SS(K)=SS(K)+C
ft = KK(M,U,1,3)
ss(K)=Ss(K)-D
t( = KK (M ,V ,2 ,2)ss(K)=ss(K)+E
K = KK(M,ï1,3,2)
SS(K)=Ss(K)-xL*E
t( = KK(M,U,3,3)
SS (K) = ss (K) - zL*Ð
K = KK(M,V,1,1)
SS(K)=SS(K)-F
K = KK(UrVr1r3)
ss(K)=ss(K)-zL*F
t( = KK (M ,V ,2 ,2)
SS(K)=SS(K)-c
t( = KK (M ,V ,2 ,3)
ss(K)=ss(K)+xL*G
ft = KK(MrVr3rl)
ss(K)=ss(K)-zL*F
K - KK(M,V,3,2)
SS(K) = SS(K) + xl,*G
t(= KK(M,V,3,3)
ss(K) = ss(K) - zL**zxF -xL**2*G H
t(= KK (M, L,1 , 3 )
SS(x)=ss(K)-D
K = KK(M,L ,2,2)
SS(K)=SS(K)+E
f( = KK (M ,L,3 ,2)ss(n)=ss(K)-xL*E
K = KK(M,L,3,3)
ss(K)=ss(K)-zL*D
K = KK(M,M,1,1)
SS(x)=SS(K)+F
t( = KK (M ,M,2 ,2)
SS(K)=SS(K)+G
K = KK(M,M,3,])
SS(K)=SS(K)+zL*F
K = KK(M,M,3,2)
ss(K)=ss(K)-xL*G
l( = KK (M,Mr 3,3 )
SS(K) = SS(K) + (ZL**2)*F + (XL**2)*c + H
CONTINUE
MM=MN+1
MN = (¡l+t)*NFC,/NST
CONTINUE
RETURN
END

THIS SUBROUTINE COMPUTES THE STTFFNESS COEFFICIENTS
FOR EACH COTUMN MEMBER

õ
c
c
c
c
c
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c
c

suBRouTrNE CELM(¡,CH,ICP,rNC,À,B,C,D,E,F,G,H,
1P, Q,TJ rLrVrM, ZV,XIJ TZL TXL)
rMPLrCrr REÀL*8 (e-¡r ,O-Z)
coMMoN /cnx/ NTJ, NFB, NFC, NBAND, NEQ, NXM
coMMoN /uer/ eu, GM
coMMoN /sscr/ BP(4 ,20) , cP(4,20)
DIMENSION CN(3,NTJ), rNC(2,NFC), ICP(NFC)
INTEGER V, M, U, L
REAL *8 11, !2, 13

MP = ICP(J)
I1 = cP(1,MP)
T.2 = CP(2,MP)
13 = CP(3,MP)
AÀ = CP(4,MP)
L = INC(I,J)
{J = INC(2,J)
xl = CN(l,L)
Y] = CN(2,L)
Zl = CN(3,L)
x.2 = CN(l,U)
Y2 = CN(2,U)
zZ = CN(3,U)
X3 = CN(l,M)
Y3 = CN(2,M)
23 = CN(3,M)
x4 = CN(l,v)
Y4 = CN(2,v)
Z4 = CN(3,v)
DL = ÐÀBS(Y2 YI)
rF ( ÐL.cr. 10**(-6) ) coro 20
wRrrE ( 6,100) M,L,U,DL

100 FoRMÀT (////// ' ELEMENT"I4,' CONNECTING
INODES'. ,Í4, ' ÀND', ,r4,/',HAS LENGTH OF ' ,F20,7,
1' CHECK COORTDTNATES', ///)

CALL EXIT
20 Zr\J = 22 Z4

XU=X2 X4
zL -- zI 23
XL=XI X3
P = 2.0*Eì'1* I?/ÐL
B = 2.0*P
E = I.$)'B/ÐL
G = 2.0*E/ÐL
Q = 2.o*EM*I 3/DL
C = 2.0*Q
! = 1.5*C/DL
F = 2.0*D/ÐL
H = GM*TT/DL
À = AA*EM,/DL
RETURN
END



c
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THIS SUBROUTTNE PERFORMS AN ÀSSEMBLY OF THE
STIFFNESS COEFFICIENTS FOR EÀCH TNDIVIDUÀL BEÀM
MEMBER INTO THE STRUCTURE STIFFNESS MÀTRTX.

SUBRoUTINE BEÀM( CH, INB, IBP, SC, SS )

IMPLTCIT REÀL*8 (E-H,O-Z)
COMMON /ENI/ NTJ, NFB, NFC, NBAND, NEQ,NXM
COMMON ,/f Pt/HSf ' NBAYI , NBÀY3
coMMoN /t¡]s.t/ nu, cM
coMMoN /snct/ BP(4,20), cP(4,20)
ÐTMENSION CN(3,NTJ), rNB(2,NFB), SS(NXM), IBp(Nrn), SC(2,NFB)

KK(LI,MI,L3,M3) = (3*L1 3*M1 + L3 - M3)*NEQ + 3*M1+M3-3
MM=1
MN = NFB/NST
DO 100 N = 1, NST
DO 200 M = MM, MN

SA, SB ARE THE CONNECTION STTFFNESS ÀT END A AND B
OF BEAM. IF THE CONNECTION IS ÀSSUMED TO BE RIGID,
SA ÀND SB ]S SET TO A VERY LARGE NUMBER IN SUBROUTINE CINFO.

c
c

c
c
c
c
c
c

SA=SC ( 1,M)
SB=SC ( 2,M)
CALL BELM( M,

1 S44, RII , R22,
K = KK(J,J,1,1)
SS(K) = SS(K) +

K = KK(J,J,2,I)
SS(K) = SS(K) +
K = KK(J,J,2,2,)
SS(n) = SS(K) +
K = KK(J,J,3,1)
SS(K) = SS(K) +

K = KK(J,J,3,2)
SS(K) = sS(K) +
K = KK(J,J,3,3)
SS(K) = SS(K) +

K = KK(J,I,1,1)
SS(K) = sS(K) +

K = KK(J,I,I,2)
SS(K) = ss(K) +

K= KK(J,I,1,r)
SS(K) = SS(K) +
K = KK(J,T,2,T)
SS(x) = SS(K) +

K = KK(J,I,2,2)
SS(K) = SS(K) +
K = KK(J,T,2,3)

cNrINB, IBP, SÀ, SB, Sf, 52, 53, 54, S5, 522,
R23,R32, R33, r, J )

RI1*S1*Rl1

R1I*(-S2)*R23

R22*S3*R22 + R23*S4*R23

R33*(-SZ)*R11

R32*S3*R22 + R33*S4*R23

R32*S3*R32 + R33*S4*R33

RII*(-Sr)*R11

Rl1* (-SZZ) *R23

RI1* (-SZZ) *R33

R23 *S2*RIl

R22* (-Sg\*nzZ + R23*S5*R23



200

100

ss (x) = ss (K) +
K = KK(J,I,3,1)
SS(K) = ss(x) +
t( = KK(J ,r,3,2)
SS(x) = Ss(K) +
K = KK(J ,T ,3,J)
ss(K) = ss(K) +
K = KK(I,I,1,1)
SS(K) = SS(K) +
K = KK(I,I,2,I)
SS(K) = SS(K) +

K = nn(r ,r,2,2)
SS(K) = SS(K) +
K = KK(I,I,3,].)
SS(K) = SS(K) +
K = KK(T ,T, ,3,2)
SS(K) = SS(K) +

K = KK(I,I,3,3)
SS(K) = SS(K) +

R22*(-S3)*R32

R33 *S2*R11

R32* (-Sg)*R22

R32*(-Sg)*R32

RI1 *S1*Rl 1

R23*S22*RIl

R22*53*R22 +

R3 3*S22*RI1

R32*S3*R22 +

R32*S3*R32 +

+ R23*S5*R33

+ R33*S5*R23

+ R33*S5*R33

R2 3*S4 4*R2 3

R33*544*R23

R3 3*S44*R3 3

230

s2, s3, s4, s5,

CONTINUE
MM=MN+1
MN= (N+1)*NFB/NST
CONTINUE
RETURN
END

THTS SUBROUTINE COMPUTES THE STIFFNESS COEFFÏCIENTS
FOR EÀCH BEÀM MEMBER.

c
c
c
c
c
c
c

SUBROUTTNE BELM( M, CN,INB, IBP,
1s22, s44, RII, R22, R23, R32, R33,
IMPL]CIT REÀL*8 (E.H ,O_Z)
coMMoN /cnN/ NTJ, NFB, NFC, NBAND,
coMMoN /tÅ}.r/eu, GM

SÀ, SB, S1,
I, J)

NEQ, NXM

coMMoN /sect/ BP(4,20), cP(4,20)
DIMENSION CN(3,NTJ), rNB(2,NFB), IBP(NFB)
REAL*8 11, 12, 13

c
c

MP=
11 =
12=
I3 =
AÀ=
t=I
J=I
XI =
Yl =
Zl=
X2=
Y2=

IBP

cN(
cN(
cN(

(t't)
1,MP)
2,MP)
3,MP)
4,MP)
1rM)
2 rM)
1,I)
2,I)
3,1 )
lrJ)
2,J)

BP
BP
BP
BP
NB
NB
CN
CN



Z2 = CN(3,J)
Rll =f.
R22 = 1.0
R23 = 0.D0
R32 = 0.D0
R33 = 1.
IF ( Zt .EQ. Z2
DL = DABS ( 21 22
R22 = 0.
R23 = -1.
R32 = 1.
R33 = 0.D0
coro 20
DL = DABS(XI ï'2

23I

3*M1 + L3 - M3)*NEQ + 3*MI + M3 -3
I

coro 10

10
20 CONTINUE

coM=DL** 4/ Q2. *EM**2*I3**2 ) +9¡** 3/ (2. *EM*I3*SÀ)
& + DL*x3/(3.*Ett*I3*SB) + DL**2,/(SÀ*SB)

S5= (DL*x 3 / (0. *EM*I 3 ) ) /COu
32= (DL**z / ( 2 . *nu* 1 3 ) +orlSA ) /COM
s4= (ÐL** 3/ (3. *EM*I 3 ) +DL* *2/SA) /COU
SZ2= (DL*'t Z/ (2. *EM*I3 ) +DtlSB ) /COM 4

S3=GM* TL/DL
544= (DL** 3/ (3. *EM*r 3 ) +oL** 2/SB) /COu
S1= ( DL/ (EM*r 3 ) +t . /Sa+t. /SB) /coti
RETURN
END

c
c
c
c
c
c
c

THIS SUBROUTINE SETS THE SUPPORT COND]TION BY ASSI]MTNG
THAT THE BUILDING IS RIGIDLY CONNECTED TO THE FOUNDATION

suBRourINE sPT( SS, JL )

IMPLTCIT REAL*8 (E-U ,O-2,)
COMMON ,/GEN/NTJ , NFB , NFC , NBAND, NEQ, NXM
coMMoN /lpt/Hsr, NBAYI, NBÀY3
DIMENSION SS (NXM) , Jt ( 3 , NTJ )
REÀL*8JL

c
c

6
5

c
c

KK(t1,ML,L3,M3) = (3*L1
NS = NTJ,/(¡lSr + 1) *NST +

DO 5 N=NS,NTJ
DO 6 L = 1,3
K = KK(N,N,L,L)
ss (K) = 1.0D20
JL(L,N) = JL(t,N)*1.0D20
CONTINUE
CONTINUE
RETURN
END



c
c
c
c
c
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THIS SUBROUTTNE SOLVES THE LINEAR FORCE-DTSPLÀCEMENT
EQUATIONS BY CHOLESKY-DECOMPOSITION METHOD.

SUBROUTINE EQN (CN, A, JD )
IMPLICIT REÀL *8 (E-U,O-Z)
coMMoN /cnN/ NTJ, NFB, NFc, NBAND, NEQ, NxM
coMMoN /tp't/ Nsr, NBAYI, NBAY3
COMMON ,/UNT TS/ UNT T1 , UNI T2 , UNI T3 , UN] T4 , UNT T5 , UNI T6 , UNI T7
DII'{ENSTON e(NXU), CN(3,HtJ)
REÀL *B JD(NEQ)

NM=NEQ-1
MS = NBÀND
JWT=6
DO 200 K=],NM
PIVOT = À(K)
MR = MIN0 (t'ts,¡¡EQ-K+I)
DO 180 L=2,MR
LK = (t-1)*NEQ+K
c = A(LK)/PIVOT
iF (c) r50,180,150

150 I =0
J=K+L-1
DO 160 JL=L,MR
I=I+1
IJ=(I-1)*NEQ+J
JLK= (,rr,-r ) *NEo+K

160 e(rJ) = À(IJ)-a(,:r,x)*c
180 e(ln) = C

2OO CONTINUE

' FORWARD SUBSTITUTION ' (LD)*Y=B TO STORE Y TN JD O

Ml- = MS-l
JD(1) = JD(1)/þ,(r)
DO 20 I=2,NEQ
L=MÀXO ( 1, I -Ml )
SUM =0.
II=I+1
I 1=1 -1
DO 10 K=L,II
J=I I -K
JK=(J-1)*NE9+K
SUM=SUM+A ( JK ) *.:P ( K ) *À ( K )
CONTINUE

20 JD(r )=(¡o(r)-SI'M) /nG)
' BÀCK SUBSTITUTION ' LTR*X=Y TO STORE X IN JD O

DO 40 KK=l,NM
I =NEQ-KK

c
c

c
c
c

c
c
c
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3O CONTINUE
JÐ(I) = JD(r)-su¡¿

4O CONTTNUE
wRITE(.¡wt,3oo) UNITl

300 FORMÀT (, !' , / /' ******* JOINT DISPLÀCEMENTS ' ,À8, 'ÀND (neOf ¡'N) '/
&, JOrNl'ìzi, íîhexs xl' ,lH;;?i.lrTlIS x2''IH', ,7x"IRANS x3' ,lH' ,9x,
&,ROT-XI',rni,9x,'ROT-Xä',1ú',9X,' ROT-X3''IH' )

T 1=MTNO (NNQ, I +M1 )
SUM=0.
L =I+1
DO 30 K=L,II
J=K-I +1
JI=(J-1)*NEQ+I
SUM = St'M+À(JI )*JÐ(K)

TRÀNSLÀTE DISPLÀCEMENT AT MÀSTER NODE TO

FOR PRTNTING D]SPLÀCEMENT VALUES

NSTT=NST+1
NODE=1

DO 55 N=I, NSTT
MSN=N*NTJ/NSTT
NMSN=MSN-1

KI=3*MSN-2
K2=K]+1
K3=K2+1
TX=JD (K] )
TZ=JD(K2 )
RY=JD ( K3 )

DO 60 J=NODE' NMSN
ZU=CN(3,¡)-CN(3,MSN)
XU=CN(1,J)-CN(1,MSN)
TRANX=TX+ZU*RY
TRANZ=TZ-XU*RY
I 1= 3*J- 2
I2=I1+l-
I 3=I 2+1
Wnl re ( ã , gt0 ) ¡ , TRANX, JD ( I1 ) , TRÀNZ , JD ( I 2 ) , RY , JD ( I 3 )

CONTINUE
NODE=MSN+l
CONTINUE
rón¡¿¡t ( t 5,1x, 3F15.2 ,3F15. 5 )

RETURN
END

THISsuBRoUTINECoMPUTETHEBEÀMENDFoRcES.

c
c
c
c
c

c

c

60

55
310

c
c
c
c
c
c



c
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SUBROUTTNE BMF ( CN, TNB, IBP, SC, JL, BFA, BFB )
IMPLIC]T REÀL*8 (A-¡-I ,O-Z)
coMMoN /eeÑ/ NTJ, NFB, NFC, NBANÐ, NEQ, NXM
coMMoN /secr/ BP(4 ,20) , cP(4,20)
coMMoN /coN/ FÀcroR, FÀcz, FAC3, FAC4
coMMoN /var/ EM,GM
coMMoN /uNI TS/ UNI 11 , UNr T2 , UNr T3 , UNI T4 , UNr T5 , UNI T6 , UNI T7
ÐIMENSION CN(3,NTJ), INB(2,NFB), Jt(3,NTJ), BFÀ(3,NFB),

I BFB(3,NFB), rBP(NFB), SC(Z,Nrn)
REAL*8 JL

DO 30 M=1, NFB
SA=SC ( 1,M)
SB=SC (2,1,4)
cÀtL BELM(M, CN, INB, I BP, SÀ, SB, Sf , 32 , S3 , 54 , S5,

& s22, 544, RI1, R22ì R23, R32, R33, I, J)
Fl = SL*RIt*(Jt(1,J) Jt(1,I)) R23*(S2*JL(2,¿)+SZ2*JL(2,r))

1 - R33*(S2*JL(3,J)+SZZ*¿r(3,I ) )
BFA(1,M) = BFÀ(1,M) F1
BFB(1,M) = BFB(1,M) + Fl
Fl = S3*R22*(Jr(2,J) - JL(2,1)) + S3*R32*(JL(3,J) - Jt(3,r))
BFA
BFB

2 ,1,4) = BFA ( 2 ,M) Fl
z,Yl) = BFB(z,M) + Fl

30

35

BFB(3,M) = BFB(3,M) R11*S2*(JL(1,J) JL(1,I ) )
1
I

+ R23*(S4*JL(2,¿) + S5*JL(2,I ) ) + R33*( S¿*¡1,(3,,:) +
ss*JL(3,I))

BFÀ(3,M) = BFA(3,M) Rl1*S22* (JL(1,J) -,:1,(1,I ) )
1 + R23* (Ss*JL (2,J) + S44*JL (2,r) ) + R33* (S5*JL( 3,J)
1 + S44*JL(g,r))

CONTTNUE
wRITE(6,35) UNIT5, UNIT6, UNIT6, UNIT5, UNIT6, UNIT6
FORMÀT(////I ***** BEAM END FORCES ÀND MOMENTS ***** t 

/ /
S,12X, I **** A-END **** t , 50X, ' **** B-END **t<* | /
&' BEÀM NO. 

" 
3Xr ' JOrNT" 5N,',p2 

"À8 
r 5Xr 'MI 

"A8 
r 5Xr 'M3 

"A8 
r 5X, 'JOINT'

&5xr', P2"À8 r 5xr'Ml 
"À8, 

5xr'M3 
"À8 

)
DO 40 K -- 1, NFB
BFA(2,K)=BFA
BFÀ(3,K)=BFA
BFB(2,K)=BFB
BFB(3,K)=BFB
WRITE ( 6,45 )

& =f , 3)
45 FORMÀT(15,6X,I4,IXr3F15.2,5X,I4,IX,3F15.2)
40 CONTINUE

RETURN
END

2,K)/FÀCTOR
3,K)/FACTOR
2,K) /r'acron
3,K),/FÀCTOR

K,INB(1,X), ( BFÀ(J,K), J=1,3),INB(2,K), (BFB(J,K), J

c
c
c
c
c
c
c

THIS SUBROUTINE COMPUTES THE COLT'MN END FORCES
AND MOMENTS FOR EÀCH COLUMN. THE END FORCES ÀNÐ MOMENTS
ARE PRINTED AS OUT-OF-PLANE AND IN-PLANE VECTORS SEPERÀTELY.



c
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DO 10 K = 1, NFC
DO 20 KK = 1, 3
CFA(KK,K) = 0.D0
CFB(KK,K) = 0.D0
CIÀ(KK,K) = 0.D0
crB(KK,K) = 0.D0
CONTINUE
CONTTNUE
MM=1
MN = NFC/NST
DO 30 !i[ = 1, NST
lvt = ( N+l )*NTJ/ (¡¡St + 1)
V=N*NTg,/(¡¡St+1)
ÐO 40 J=MM,MN
CALL CELM ( J, CN,ICP, INC, A,

1 P, Q, U, L, V, M, ZÜ, XU, ZL,
FI = À*(.¡t (t,u) - JL(1,t))
CFB(1,J) = Fl- + CFB(I,J)

suBRourrNE CMF (CN, rNC, rCP, JL, CFÀ, CFB' CIÀ, CrB)
IMPL]CIT REÀL*8 (E-U,O-Z)
coMMoN /tpt/ NST, NBÀyI,NBÀY3
coMMoN /cgN/ NTJ, NFB, NFC, NBAND, NEQ' NXM

coMMoN /sgcr/ BP(4 ,20) , CP(4,20)
coMMoN /co[/ FACTOR, FAC?, FÀC3, FÀC4
COMMON,/U¡tlTS/ UNITl , UNIT2, UNIT3, UNIT4,.UNIT5, UNIT6' UNITT
DIMENSION CN(3,NTJ), rNC(2,NFC), Jt(3,NTJ),

r-cFA{ã,Nrc), cFB(3,NFc),cIA(3,Nrc), cIB(3,NFc), IcP(NFc)
REÀL*8 JL
INTEGER V,M,U,L

c
c

20
10

B, c,
xL)

D, E, F, G, H,

40



30

35

36
50

45
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MN = (N+l) *Nf'C,/HSt
CONTINUE
wRrrg(6,35) uturb, uNr16, uNr16, uNIT5, uNIT6, UNIT6
FORMÀT(////I **** COLUMN OUT-OF-PLÀNE END FORCES ÀND

&12x, r **** L-END **** 
" 

50X, r **** U-END *x¡<*t /
&' col.tMN' ,4Xr'JOTNT' ,5Xr'pI' ,'À8,5Xr'M2' ,À8,5Xr'M3' ,À8,
&xr' Pl 

"A8 
r 5Xr'M2"A8 r 5Xr'M3 

"À8 
)

DO 50 NN = 1, NFC
CFÀ(2,NN)=CFA 2,NN)r/rACrOn

3,NN)/reCrOn
2,NN),/reCtOn
3,NN)r/reCrOn

CFÀ(3,NN)=CFA
CFB(2,NN)=CFB
CFB(3,NN)=CFB
wRITE ( 6, 36 )NN, rNC ( 1,NN ), (Cre (n,NN ), K=l, 3 ), INC ( 2, NN ),

& (crn(n,NH¡,K=1,3)
FORMAT(t5, 6X, I4,LX, 3F15 .2 t5X, r4,lX, 3F15. 2)
CONTINUE
wRITE(6,45) UNtt5, UNIT5, UNIT6, UNIT5, UNr15, UNIT6
FORMÀT(//// ' **** COLUMN IN-PLÀNE END FORCES ÀND MOMENTS '//

&12X, I **** L-END ****' ,50X, I **** U-END **r<*t /
&' coLUMN 

" 
4Xr' JOI NT 

" 
5X r' pI 

" 
A8, 5X r' M2 

" 
À8, 5X r' M3 

" 
À8, 5X r' JOINT ', 5

&x, t Pl 
"A8 

r 5Xr'M2 
"A8 

r 5Xr'M3 
"A8)DO 60 L=1, NFC

MOMENTS '//
5x, I JoINT' ,5

crÀ ( 3,L ) =crÀ ( 3, L) /recron
cr B ( 3, L ) =CI B ( 3, t) /FÀCTOR
wRITE (6, 46)1,, tHC ( 1,1,), (CrA(K,L ), K=1

& (cIn(K,L),K=I,3)
46 FORMÀT(t5,6X,I4,1-X,3F15 .2,5N,,I4,lX,

60 CONTINUE
RETURN
END

,3),INC(2,L),
3F1s.2 )

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

THIS SUBROUTTNE PROCESSES THE CONNECTION
INFORMÀTTON OR THE ASSUMED CONNECTION STTFFNESS
INPUT TO ÀNALYZE THE STRUCTURE CONSIÐERED.

NOTE: THE RAMBERG OSGOOD STÀNDÀRDTZED FUNCTION
FOR THE VARTOUS CONNECTION TYPES IS DERIVED
USING EXPERIMENTÀL ÐÀTÀ RECORED IN IMPERIÀL T'NIT.
HOWEVER NECESSARY CONVERSION TS MÀDE WHEN THE STRUCTURE
IS IN ST UN]T.

SUBRoUTINE CINFO( ICT, FK, SC, BFÀ, BFB,NTÀ, SSI )

IMPLICIT REAL*8 (A-U ,O-Z)
coMMoN /GEN/ NTJ, NFB, NFC, NBÀND, NEQ, NXM
coMMoN /Met/ eu, cM
coMMoN /cot:t/ FÀcToR, FÀc2, FAc3, FAC4
DIMENSTON ICT(2,NFB), FK(2,NFB), SC(2,NFB), BFÀ(3,NFB),

& BFB(3,NFB)
LOGTCÀL SSI
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c
FÀCI=1.
IF (SSI ) FACI=FÀCTOR
rF (Nre .EQ. 0) GOTO 200
rF (¡lre.EQ.1) COTO 300
rF (Nre.EQ,2) COTO 400
wRrrE(6,100)

100 FoRMAT(////,' CoNNECTION TNFORMÀTION ÀS INPUT'/
& ' ****i' GEoMETRIC PÀRAMETER Às lNpur x*x**t /
&' CONNECTION TYPE: I=SINGLE WEB ANGLE CONNECTION',/
&' ', |2=DOUBLE WEB ÀNGLE CONNECTION'/
&' ' ,'3=HEADER PLÀTE ÀNGLE CONNECTTON',/
&' '''4=TOP AND SEÀT ÀNGLE CONNF'CTION',/
&' ' , ' S=STRÀP ÀNGLE CONNECTI ON' ,/
&' BEÀM"5X,'CONNECTION TYPE"5X,' PÀRAMETER 1"5X,'PARAMETER 2"5X
&r 'PARAMETER 3"5X,'PÀRÀMETER 4')

THE PARAMETERS PI, P2, P3, P4 FOR THE VÀRTOUS
TYPES OF CONNECTION ÀRE THE FOLLOWING:

STNGLE WEB ÀNGLE:
Pt = DEPTH OF WEB ANGLE
PZ = GÀGE OF COLI]MN
P3 = THICKNESS OF ANGLE

DOUBLE WEB ÀNGLE¡
PI = DEPTH OF WEB ANGLE
PZ = THICKNESS OF ANGLE
P3 = GÀGE OF COLTMN

HEADER PLÀTE:
PI = THICKNESS OF PLÀTE
P2 = GÀGE OF COLUMN

.P3 = LENGTH OF PLÀTE
P4 = THICKNESS OF BEAM WEB

TOP ÀND SEAT ÀNGLE:
Pl = DEPTH OF BEAM
P2 = THICKNESS OF PLATE
P3 = LENGTH OF TOP ÀNGLE
P4 = DIÀMETER OF BOLT

STRAP ANGLE CONNECTION:
Pl = }IIDTH OF STRAP ÀNGLE
PZ = THICKNESS OF STRAP ANGLE
P3 = H/P

DO 10 M=1, NFB

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

DO 20 I=1, 2
REÀD(5,*) ICT(I,M), PI, P2, P3, P4
wRrrE(5,101) l¿, rcr(l,u), Pf , P2, P3, P4

101 FORMÀT(is,sX,1lx,r¡,ex,î9.2,7N',î9.2,7N',F9 -2,'t-7\,F9,2)
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c
4

c
c
c
5

rF (ssl ) coro 2
GOTO 4
P1=Pl*FAC2
P2=P2*FACZ
P3=P3*FAC2
P4=P4*FAC2

IC=ICT( I ,M)
GOTO( 5, 15, 25, 35, 45 ),tC

SINGLE WEB ANGLE CONNECTTON

E01=0.01033
Q01= 32 .7 47 6
ÀNI=3.93419
À1=-2.09354
A2=2.06227
À3=-1.63744
FK ( l,M) =PI**À1*P2**42*P3**A3
sc ( r,M) = ( Qjr/(rn( r,M) *801 ) /FAc4)*r,eCl
coro 20

- DOUBLE WEB ÀNGLE CONNECTION

802=0.00398
Q02=0.63324
ÀN2=4 .94052
À1=-2 .21594
À2=0.07617
À3=-0.2750
FK ( I r M) =Pl¡t:tÀl*P2**À2*P3**A3
sc(r ,M)= (Q02/ (rX(r ,M)*802) /FAC4 )*rec1
GOTO 20

- HEÀDER PLATE CONNECTION

E03=0.00704
Q03=186.7 7160
AN3=4.32072
À1=-l-.54304
A2=2.12088
A3=- 2 ,40526
A4=- 0.45137
FK ( I,M) =Pl**À1*P2**A2*P3**À3*p4**A4
SC(r,M)= (Aú/(rn( r,M) *803) /FAC4)*FÀC1
GOTO 20

TOP ÀND SEÀT ÀNGLE CONNECTION

804=0.00517
Q04=7 45.93994
ÀN4=4.61637
À1=-1.06054
A2=- 0.53970

c
c
c
15

c
c
c
25

c
c
c
35



c
c
c
45

c
20
10

c
c
c

c
c
c
55

c
c
c
65

cc-
c
75

15
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À3=0.85885
À4=-l .27gj.l
FK ( I,M) =Pl**A1*P2**A2*P3**À3*P4**A4
sc( r,M) = (a04/(rr( r,M) *804 ) /FAc4) *rect
GOTO 20

STRAP ÀNGLE CONNECTION

805=0.00458
Q05=753.25757
AN5=4 .98240
Al=-0.59211
A2=-0.85055
À3=-1.06018
FK ( I rM) =P1*:tAl*P2**À2*P3**À3
sc (r,M)= @05/(FK( r,M)*E05) /FAC4) *FACI

CONTINUE
CONTINUE
RETURN

ENTRY ITER( SC, BFÀ, BFB, NCOUNT )
NCOUNT=0
DO 30 M=1, NFB
DO 40 I=1, 2
IC=ICT(I,M)
AM=DÀBS ( gre ( 3,M) ) *FÀC3*12 .
rF ( r.eQ.z ) eu=oans(BFB(3,1¡) )*FÀca*12.
GOTO( SS, 55, 75, 95, 95 ),IC

SINGLE WEB ANGLE CONNECTTON

R=(E0t*AM*FK(I,r'l) /Aù)* (1. + (aþr*rK(I,M) /Aù)** (aHl-1. ) )
RP= ( AM/ (sc (I ,M) *FÀc4 ) ) *r'ect
GOTO 50

DOUBLE WEB ANGLE CONNECT]ON

R=(802*ÀM*FK(l,M) /A0Z)*(1. + (elt*rX(I,M') /Q02)**(¡H2-1. ) )
RP= ( Atr/ (sc( r,M) *FÀc4 ) ) *rect
T^TRTTE(6,16) R, RP, ÀM, FK(T,M), SC(I,M)
FORMÀT(' CONNECTTON ROTATTON R ÀND Rp" 5F20.5)
GOTO 50

HEÀÐER PLÀTE CONNECTTON

R=(E03*ÀM*FK(r,u) /A0S)*(1. + (e¡¿*rx(r,M) /A03)**(t¡lS-1. ) )
RP= ( AVL/ (SC ( r,M) *FÀC4 ) ) *reCt
GOTO 50

c
c
c

TOP 'AND SEÀT ANGLE



c
c
c
95

c
50

240

g5 R=(804*AM*FK(r,u) /e0+)*(1. + (eu*rx(r,l,r)/e04)**(ÀN4-f . ))
RP= (ÀMl( SC ( r,M) *FAC4 ) ) *reCt
GOTO 50

STRÀP ÀNGLE CONNECTTON

n=(e05*ÀM*FK(r,M) /A05)* (1. + (eU*rX(r ,n) /A05)** (ÀN-r. ) )
RP= ( AM/ (SC ( r,M) *FAC4 ) ) *reCt

DR=DABS(R-RP)/R
rF ( on.LT.o.oz ) coto 40
sc ( r,M) = ( z .x ¡.u/ (n+np ) /FAc4) *FÀcI
NCOUNT=NCOIJNT+1

4O CONTINUE
3O CONTTNUE

RETURN
c
2OO CONTINUE
c
C SET CONNECTION STIFFNESS TO BE VERY FELIXIBLE
c

SA=1 . E-3
SB=1 . E- 3
GOTO 350

SET CONNECTION STIFFNESS TO BE VERY RIGTD

SÀ=1.0825
SB=1.0E25
DO 110 M=1, NFB
SC(1,M)=SÀ
sc(2,M)=SB
CONTTNUE
RETURN
CONTINUE

TNPUT ANY SPECIFIED CONNECTION STIFFNESS
VÀLUES FOR BOTH ENDS OF À BEAM MEMBER.

c
c
c
300

350

110

400
c
c
c
c

104 OFÀBE
wRITE(6,104)
FORMÀT(////t ***** INPUT

&AM'l
&' BEAM"5X,'STIFFNESS G

DO 450 M=1, NFB
READ(s,*) MM ,SA, SB
wRITE(6,105) MM, SA, SB

105 FORMÀT( 15, 5X ,F12.2,10X ,Fl-2.2)
SC(1.r'f)=SÀ
SC(2,M)=SB

450 CONTINUE
RETURN
END

CONNECTION STIFFNESS ÀT BOTH ENDS

A-END' ,5X,'STIFFNESS G B-END' )

c
c
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c
c

c
c
c
c
c
c
c

c
c
c
c
c

10
c
100
c
c
c
c
c

SUBROUTINE LOÀD PROCESSES LOÀDTNG INFORMATION.
FIXED END FORCE VECTOR IS COMPUTED.
ENTRY STÀTEMENT TS USED FOR RELOAD THE STRUCTURE
FOR NONLINEÀR ÀNALYSIS.

SUBROUTTNE LOAD-(cN, INB, IBP, SC, JD, ÀJL, BFÀ, BFB, AMLC,& AMLU, MU, MJ, MC )
IMPLICTT REAL*8 (E-H,O-Z)
goMMoN /GEN/NTJ, NFB, ¡rFC, NBÀND, NEQ, NXM
coMMoN /¡ttm /nu, cM
q9lô{9N /,ssct/sp (4 ,zo) , cp (4 ,zo)
cgMMoN /.coN¡ -F.ACTOR, þecz, recs, FÀc4
coMMoN /ar,oan/Hl.: , ñr,r-rC , 

-ñlr,lu, 
NLT1 , NLTz , NLT3

coMMoN /u'IT91uryril, úNire, uNrr3, uNrr4,'uNrrs, uNr16, uNrTTDrMENSroN cN(3,NTJl, rNs(g,Nr¡), isp(¡¡r¡i , 
-s¿(ã,Hnsj, -,ioiilñr¡l 

,& e;r,( 3'NLrr ),-_r_glJs,¡rrsl ; ÉrBls,NËBj ;- ÀMíó(ã;üóä);'s ar¡r,u(NLr3), _r,ru(Nrrä), uótñLiàt; MJiñi,fu1 -'-'---' r

REÀL*8 JD, I3

wRrrE ( 6,1000 )
lOOO FORMÀT(///// I **** TNPUT LOÀDING INFORMÀTION **:t*')
c

rr(Nr,¡.Ee.o)coto roo

INPUT JOTNT LOAD ÀND STORE IN A TEMPORÀRY
JOINT LOAD VECTOR.

wRITE(6,.1001) UNIT5, UNIT5,UNIT6,UNIT5,UNIT61001 FORMAT(/' loeoeo,roixt ¡ro. í,sx, iÉónce',Àg,5x,'FoRcE,,Àg,' oR MOMENc MoMENT"À8)
c

1002

DO 10 J=l,NLJ
READ(q,*) K, P, T, B
$IRrrE ( q, 1002 )K, P, i, B
FORMÀ,T(12X, r3, 6x,rg. z, 1gx,Fl0. 2,z}x,Fl_0. 2 )
I'l,l (,: ) =¡t
lJr(1,J)=P
e,:i,(2,J)=T
e.¡l(3,J)=B
CONTINUE

IF(NIMC.EQ.0) COro eOO

TNPUT CONCENTRÀTED GRÀVITY LOAD ON BEAM
ÀND STORE IN A TEMPORÀRY BEAM LOAD VECTOR

wRrrE ( 1003 )
1003 gOPJ.rrAt(//'

UNITs, UNIT2
CONCENTRÀTEÐ GRÀVTTY LOÀD ON BEÀMI/
NO. 

" 
5x,' LoÀD"Ag, 5Xr'DISTANCE FROM

I BEAM ,a8)
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?
c
2
c
c
c
c
c

DO 20 M=1, NLMC
READ(5,*) K, P, ÀL
wRITE(6,1004)K,P,AL

1004 FORMÀT(4X,t5,5X,F10 .2,!5X,Fl0.2)
MC (M) =K
AMLC(1,M)=P
AMLC (2,M) =AL*FÀCTOR

O CONTINUE

00 rF(NLMU.EQ.0) eOrO 300

INPUT UNIFORMLY D]STRTBUTED LOÀD ON BEAM
ÀNÐ STORE IN TEMPORÀRY BEAM LOAD VECTOR

wRrrE(6,1005) uNrrz
1OO5 FOWNT(//' UNIFORMLY DTSTRIBUTED LOAD ON BEAM'/

& ' BEAM NO. 

"5Xr'LOAD' 
,À8)

c
DO 30 M=1, NLMU
READ(5,*) K, P
I¡IRITE(6,1006)K, P

1006 FORMÀT(4X,t5,5X,FI0.2)
MU (M) =K
ÀMLU (¡¿) =p/recroR

3O CONTTNUE
c
3OO CONTINUE

ENTRY RELOÀD ( SC,,:O, BFÀ, BFB )

ZERO BEAM END FORCE VECTOR

ÐO 40 M=1, NFB
ÐO 40 MM=L, 3
BFÀ(MM,M)=0.0
BFB(MM,M)=0.0

O CONTINUE

ZERO JOINT LOAD VECTOR

DO 50 J=l,NTJ
DO 50 JJ=l,3
JD(JJ,J)=0.0
CONTINUE

rF(NLJ.EQ.0) COTO
c
C ÀPPLY INPUT JOINT
c

DO 60 J=1, NLJ
K=MJ(J)
JD(1,K)=ÀJL(1,J)
JD(2,K)=ÀJLQ,J)

c
c
c

50
c

4
c
c
c

400

LOÀD TO JOINT LOÀÐ VECTOR



il

60
c
400
c
c
c
c
c
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JD(3,K)=AJL(3,J)
CONTINUE

rF (wr,uc. EQ. 0 ) coro 500

coMpuTE FrxED END FORCE DIIE TO CONCENTRATED GRAVITY LOAD,
ÀND STORE IN FIXED END FORCE VECTOR ÀND ÀDD THE NEGÀTIVE
TO THE JOINT LOAD VECTOR.

DO 70 M=I,NLMC
x=MC (M)
P=AMLC ( I ,t'l)
ÀL=ÀMLC (2,1q)
SA=SC(1,K)
SB=SC(2,K)
cÀLL BELM( t<, CN, INB, r BP, SA, SB, 51, 52, S3, 54, 55, 522, 544,Rl1, R22,

S. R23,R32,R33,I,J)
IR2=R22
I R3=R2 3
IF(IR2.NE.0) DL=DÀBS (cN(1, I )-cN(r,¿) )
IF(TR3.NE. O) DL=DABS (CN(3, I )-CN( 3,J) )
BL=DL-AL
MP=IBP(K)
I3=BP(3,MP)
DBI= ( p*ÀL** 3) / (3 . *EM*I 3 ) + ( p*ÀL**z*BL ) / (2. *EM* I 3 ) + ( p*Ol*el \ /SA
DB3=p*ÀL**Z/ ( 2. *Ett*I3 ) + (p*el) /SA
PBFl=S2*DB3-S1*DB1
PBF 3=S 2*DB1 -S4*DB 3
PÀF1=- (p+pgrl )
pÀF3=- ( p*Al,+Dl,*pBFl+pBF3 )
BFA ( 1,K) =BFÀ ( l,X) +perl
BFB ( 1,K) =BFB ( 1,lt) +pgr1
BFA ( 3,K) =BFÀ( 3,tt) +per3
BFB ( 3,K) =BFB ( 3,x) +Pgr3
JD(1,I)=JD(1,I)-PAF1
JD(1,J)=JD(1,J)-pgrr
IF(IR3.NE.O)GOTO 65
JD(3,I
JD(3,J

=JD(3,I)-(PÀF3*R33)
=JD(3,J)-(pgF3*R33)

65
GOTO 70
CONTINUE
JD( 2, r ) =JD (2,r)- (PÀF3*R23 )

JD( 2, J ) =JD (2, J) - (pgrg*R23 )
CONTINUE

rF (NLMU.EQ.0 )nerURN

COMPUTE FIXED END FORCE DUE TO LI:'{IFORMLY DISTRIBUTED
LOÀD VECTOR, ÀND STORE IN THE BEAM ENÐ FORCE VECTOR.THE
NEGÀTIVE OF THE FIXED ENÐ FORCE VECTOR IS ÀDDED TO THE
JOINT LOAD VECTOR

DO 80 M=1, NLMU
K=MU(M)

70
c
500
c
c
c
c
c
c
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80
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SÀ=SC(1,K)
SB=SC(2,K)
¡7=¡vftg ( M )
MP=IBP(K)
I3=BP( 3,t'tP)
õÁli- ÈEíM( tt, cN, rNB, r BP, sÀ, sB, s1, s2, s3, s4,s5,s22, s44, RI1, R22,

& R23,R32,R33,I,J)
IR2=R22
I R3=R3 2
ir ( rR2.NE. 0 )Dl,=paBS (cN(1, r ) -cN ( I' J ) )

ir i iR3.NE. 0 )DL=DABs (cN ( 3, r ) -cN ( 3, { ).)
óei= (w;ol** 4) / ß. *EM*r 3 ) + (w*DL** 3l / \2. *SA )

õBã= (ç*9¡** 3)'/ (6. *EM*I3 ) + (wxDL* r'*z) / ( 2. *SA)
WFBI=S2*DB3-S1*DB1
wFB3=S2*DBl-S4*Ð83
}IFAI=- (W*Ol,+Wf gl )
V¡FA3=- (W*DL** 2 / 2 .+DL*WFBl+WFB 3 )

BFÀ ( 1,K) =BFÀ ( 1,x) +wret
BFB ( 1, K) =BFB ( 1,lt) +wrgl
BFA ( 3, K) =BFÀ ( 3, tt ) +wra3
BFB ( 3,K) =BFB ( 3,lt) +wrg3
JD(1,I)=JD(1,r)-wFAl
JD(1,J)=JD(1,J)-wrgr
IF(IR3.NE.O) GOTO 75
JD( 3, r ) =JD(3, r ) - (I^TFÀ3*R33 )

JD( 3,¡ ) =.:O( 3, J ) - (Wrng*R33 )

coro 80
CONTTNUE
JD( 2, r ) =JD( 2, r )- (Wrag*nzg )

JD( 2, J ) =Jn (2, J) - (Wrng*R23 )

CONTINUE
RETURN
END

THIS SUBROUTINE TAKE TN THE BRÀCING ELEMENTS
END INCIDENCE TO THE JOINTS.

suBRourrNE INTRS( rWt,rrP )

TMPLICTT REÀL*8 (e-H,O-Z)
coMMoN /tsnxcs/ NFT, NBF
coMMoN /s\cr2/ rP(20)
ðóieiõñ 7uñiis7 unitr, uNIr2, uNrr3, uNIr4, uNrrs, uNIr6, uNIrT
DIÌ{ENSION INT(2,NFT) , rrP(NFT)

wRrrE(6,99)
99 ËóiMÀTiiiil, ***** BRÀcrNG ELEMENTs INcIDENcE Às INPUT ****xt //

6. ' BRÀCI ñô' r,æMgeR' , sx, ' LowER END coNNEcrED To JoI NT' , 5x , ' UPPER EN

&D CONNECTED TO JOINT')

INPUT BRACING TNCIDENCE

c
c
c
c
c
c
c

c
c

c
c
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c
DO 100 M=1, NFT
READ (5,*) N, INT(1,N), INT(2,N)
wRITE(5,101) N, rNT(t,N),INT(2,N)

101 FORMÀT (7X ,t5 ,29X,f 4 ,27X ,r 4)
lOO CONT]NUE
c
C INPUT BRACTNG PROPERT]ES
c

READ (5,*) NlP
I.IRITE (6,I02) NTP, UNIT3

IO2 roRI¿¡t (,/' NUMBER oF BRÀCI NG TYPE- '
&' BRÀCING TYPE"5X, rX-SECTION ÀREÀ'
DO 104 N=f, NTP
READ (5,*) TP(N)
wRrrE(6,103) N, TP(N)

103 FORMÀT( 9X, I 3, 5X, F11.2 )
104 CONTINUE

c
C TNPUT BRACING PROPERTIES ID NO..
c

,r3//
,AB)

107

109
108

READ (5,*) (ITP(N), N=l,NFT)
wRrrE(6,107)
FORMAT(' BRÀCING' ,5X,'BRÀCING TypE' )
DO 108 N=1, NFT
wRITE(6,109) N, ITP(N)
FORMÀT(4X,r3,13X,I3)
CONTINUE
RETURN
END

THIS SUBROUTINE PERFORMS ÀN ÀSSEMBLY OF THE STIFFNESS
COEFFTCIENTS OF EÀCH INDIVIDUÀL BRACING ELEMENT
]NTO THE STRUCTURE STIFFNESS MÀTRIX.

SUBRoUTINE BRÀCE( CN, INT, SS, ITP )

IMPLICIT REÀL*8 (A-H,O-Z)
coMMoN /tøt/ nu, GM
coMMoN /ogN/ NTJ, NFB, NFC, NBAND, NEQ, NXM
coMMoN /taeL,cn/ NFT, NBF
coMMoN /snctz/ rP(20)
coMMoN /tpt/ NST, NBAY1, NBAY3
INTEGER V,M,U,L
DIMENSION CN(3,NTJ), rNT(2,NFT), SS(NXM), rrP(NFT)

KK(Ll,Ml,L3,M3)=(3*11-3*M1+L3-M3)*NEQ + 3*M1 + M3 3
J=0
DO 50 JJ=I, NBF
DO 100 N=l,NST
M= ( N+1 ) *NTJ/ ( NST+I )

c
c
c
c
c
c
c
c

c
c
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:C

V=N*NTJ,/(NSf+t )
DO 200 NN=I,2
J=J+1

KODE IS USED TO KEEP TRÀCK OF THE DEGREE OF FREEDOM

OF BRACTNG ELEMENTS TN TWO POSSIBTE ORIENTATION OF

BRACING IN A RECTÀNGULAR BUTLDING

SUBROUTINE TELM(M, CN, TTP,
IMPLICIT REAL*8 (E.g ,O_Z)
coMMoN /ew/ NTJ, NFB, NFC,

246

rNT, S1, 52, 53, U, L, KODE)

NBAND, NEQ, NXM

CALL TELM( J, CN, TTP,
K=KK(Urur1,1)
SS (K) =SS (K) + 52
K=KK(V,U,KODE,1)
ss (K) =ss (K) + s3
K=KK (V,V, KODE, KODE )
SS (K) =SS (K) + 51
K=KK(l,rUr1r1)
ss(K)=SS(K) sz
K=KK(L,V,1,KODE)
ss (K) =ss (n) s3
K=KK(t rl,rIr1)
SS (K) =SS (K) + 32
K=KK (M, U, KODE , 1 )
SS (K) =SS (K) S3
K=KK ( T'T, V, KODE , KODE )
sS (K) =SS (K) sI
K=KK (M, L, KODE,1 )

ss (K) =SS (K) + s3
K=KK ( M,I,T, KODE , KODE )
ss(K)=ss(x) + sl
CONTI NUE
CONTINUE
CONTINUE
RETURN
ENÐ

rNT, 51, 52, 53, U, L, KOÐE )

200
100
50

c
c
c
c
c
c
c

THIS SUBROUTTNE COMPUTES THE STTFFNESS COEF]CTENTS
OF EÀCH BRÀCING ELEMENT.

c
c

coMMoN /vør / nu , GM
coMMoN /TBRACE/ NFT, NBF
coMMoN /ssctz/ rP(20)
INTEGER U, L
DTMENSTON CN(3,NTJ), rrP(NFT), rNT(2,NFT)

NCASE=1
GOTO 100
ENTRY BFORCE( M, COSA, SrNA, AEL, KODE , U, L )



ï.
ì.,

ll

100

150

160

170

200

300
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NCÀSE=2
MP=TTP(M)
a=rP (MP)
L=INT(1,M)
U=INT Q,1,4)
XI=CN(1,L)
YI=CN (2,L)
Z1=CN(3,L)
X2=CN(1,U)
Y2=CN (2,ÍJ)
Z2=CN(3,U)
KODE=1
rF( DÀBS(Xr-XZ) .rr. 0.0001 ) roOn=2
coro(150,160), KoDE
DL=DSQRT ( (XZ-Xr ) **2+ (yZ-yr ) **2 )
ÀL=X2-Xl
GOTO 170
DL=DSQRT ( (ZZ-Zt)**2+ ß?-YI ) **2 )
AL=22-ZI
COSA=ALlDL
SrNÀ= (yZ-yf ) /DL
ÀEL=À*EM,/DL
coro( zoo, 300) , NcÀsE
sl_=cosÀ*ÀEL*cosA
S2=SINÀ*ÀEL*SINA
S3=SI NA*AEL*COSA
RETURN
END

THIS SUBROUTINE COMPUTES THE BRACING END FORCES.

SUBRoUTINE FBRACE( CN, rNT, ITP, JD, TFÀ, TFB )
IMPLTCTT REÀL*8 (A-H,O-Z)
coMMoN /tpt/ Nsr, NBAYI, NBÀY3
coMMoN /enN¡ NTJ, NFB, NFC, NBAND, NEQ, NXM
coMMoN /TBRACE/ NFT, NBF
coMMoN /sncrz/ rP(20)
COMMON ,/UNTTS,/ UNIT1, UNIT2, UNTT3, UNIT4, UNIT5, UNTT6, UNTTT
DTMENStON CN(3,NTJ), INT(2,NFT), JD(3,NTJ), TFA(NFT),

& TFB(NFT), rrP(Nrr)
REÀL*8 JD
INTEGER V,M,U,L

c
c
c
c
c
c

c
c

5
wRirE(6,5)
FORMÀT(///'

& ?IX,',LOWER
6. ' BRÀCING I

&oRcE 

" 
A8 )

DO 10 K=l
TFÀ(K)=0.D0

UNIT5, UNIT5**** BRACING ELEMENT
END"30X, TUPPER END'/

, 13Xr' JOINT" 5Xr' AXrÀL

, NFT

END FORCES'//

FORCE 

"A8, 
5Xr' JOINT" 5Xr' ÀXIÀL
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10
TFB(K)=O.DO
CONTINUE
MT=0
DO 20 J=1, NBF
DO 30 N=1, NST
M= (N+l) *NTJ,/ (NST+I)
V=N*NTJ,/(NSt+t )
DO 40 NT=I, 2
lr{t=ffi+l
cÀLL BFORCE( Ur, cosA, srNÀ, AEL, KODE , U, L )

zu=cN(3,u)-cN(3,V)
xu=cN(1,u)-cN(1,V)
zL=cN(3,t )-cN(3,1¿)
XL=CN(1,t )-cN(1,M)
GOTO (100, 200) , KoDE

100

200

300

400
40
30
20

DSPV=JD ( 1,V) +ZU*JD ( 3,V)
DSPM=JD ( T,U) +ZL*JD ( 3,M)
coro 300
DSPV=JD ( 2,V) -XU*JD ( 3,V)
DSPM=JD (2 ,M) -XL*JD ( 3 ,M)
DSPU=JD(1,U)
DSPL=JD(I,L)
Fl=AEr* (cose* (ospv-psPM) +SINA* (DSPU-DSPL ) )
TFB (MT ) =FI
TFA (MT ) =-F]
w-Rï'iäiå,¿óó) ur, INr(1,t"tt),Tre(Mr), rNT( 2,MT),rFB(Mr)
iöRMÀ'i i' 6x, r z, r3x, r 4, 6*', F 1 2 . 2, !2x, r 4, 6r<, F l-2, 2 )

CONTTNUE
CONTINUE
CONTINUE
RETURN
END

THIS SUBROUTINE PERFORMS THE P-DELTÀ EFFECT CHECK

ÀCCORDING TO THE CSA CAN 3 516"1 M78 IN APPENDIX J.

suBRouTINE PDELTA( pHp, JD, AJL, CFÀ, MJ, NPD'NPDT)
IMPL]CIT REAL*8 (E.H,O-Z)
coMMoN /tpt/ NST, NBAYI, NBÀY3
coMMoN /cn¡t/ NTJ, NFB, NFC, NBÀND' NEQ, NXM

coMMoN 
'/*oino/ NLJ, NLMC, NLMU, NLT1, NLT2, NLT3

ðóm,róñ TuHr ts7 uNrit , uxr 12 , UNI T3 , UNI T4 
' 
UNI T5 , UNI T6 , uNr 17

DTMENSToN DHÉiNõri ;-óFAlã,ÑÈcl, Á.:r,(3,Ñr,tl), l¿J (NLrl), JD(3,NrJ)
REAL *B JD, HLOADX(20), HLOÀDZ(20)
INTEGER V, M

wRITE(6,5) UNtts, UNITs
ronr.rer(i//' P-DELTA EFFECT CHECK '//

&' ÀDDITIONAL LÀTERÀL LOÀD DUE TO P-DELTÀ EîFS.Cy'//
i' sroRgy',3x,rÀDD. LATERAL LoAD rN x1'rlH',48r10x,'LATERÀL LOAD IN

c
c
c
c
c
c
c

c
c
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c
&x3"IH"A8)

NSTT=NST+1
NODE=1
NCPF=NFC/¡ISt
TEMPX=0.D0
TEMPZ=0.D0
NPD=0
rF ( ¡rpor .c?. 1) coro 5
DO 7 N=1,NST
HLOÀDX(N) =0.o0
HLOADZ (¡¡) =0.D0
CONTINUE

DO 10 N=1, NST
V=N*NTJ/NSTT
M= (N+I ) *Nt,:,/HSft
NCODEX=0
NCODEZ=0
SUM=O.D0
DVPX=JD(1,V)
DVPZ=JD (2 ,V)
DMPX=JD(1,M)
DMPZ=JÐ (2 ,M)

DO 20 J=NODE, NCPF
SUM=SUM+CFA(1,J)
CONTINUE

HEIGHT=DHE (N)
DELX=DVPX-DMPX
DELZ=DVPZ-DMPZ
SHEÀRX= STiM*DELX/HE I GHT
SHEÀR Z = S IJTIX DELZ /HE I GHT
HLX=SHEÀRX+TEMPX
HLZ=SHEÀRZ+TEMPZ
wRITE(6,27) N,HLX,HLZ
FORMÀT( I 5, 16X,Fl 5.2,r6X, F15 .2)
TEMPX=-SHEARX
TEMPZ=-SHEARZ
DHX=DABS ( HT,X-UT,OADX ( N ) )
DHZ=DABS (gT,Z-HT,OADZ (N) )
IF (pHX .cE. 0.1) ÐHX=ÐHX,/HLX
IF (PHZ .GE. 0.1) ÐHZ=DHZ/HLZ
IF (O¡-lX .cT. 0.1) NCODEX=I
IF (OHZ .GT. 0.1) NCODEZ=3

DO 25 K=1, NLJ
KJ=MJ (K)
IF ( X.: .EQ. V) cO?O 26
GOTO 25
IF (NCOOEX .EQ. 1) ÀJL(1,K)=AJL(1,n)+UIX-Hi,OADX(N)
rF (ttcooez . EQ. 3 ) AJL ( 2 ,K) =AJL (2 ,X) +Ur,Z-Ht OÀDZ (N )rF (Hcooex.EQ.l .oR. NcoÐEz.Ee.3) NpD=HpD+l
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CONTINUE

HLOADX(H)=UtX
HLoÀÐz (N ) =Hr,z
NODE=NCPF+1
NCPF= (N+1¡*NF'C/NST
CONTINUE
RETURN
END
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