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NOTATION

A = cross-sectional area of member

A2 = "shear area" in directíon 2

à. = d.imensionless exPonent
J

C. = constant
l_

C. = bending deformation componént for
A

connection A

cs = bending deformation component for

connection B

Dl = joint displacement vector for joint I

E = matrix defined by Eq. (4.18)

E = modul-us of elast,icity

Fns = fl-exibility matrix at B for member AB

F-- = diasonal flexibility matrix for
K

connection K

c = modulus of rigiditY

ct = matrix defined by Eq. (4.16)

H = rotation transformation matrix

| = identity matrix

Ï = moment of inertia

K-- = stiffness matrix at B for continuous
.B.B

elastic member AB

V



I

VI

*S = structure stiffness matrix
Mo"r"' = modified stiffness matrix at B

L = length of member

| = semi-rigid connection factor clefined by

Montforton and Wu

M. = applied moment at a particular connection

m = number of size parameters that infl-uence

'bhe moment-rotation relationships

p = joint force vector for all joints in the

structure

F- = -ioint force vector at joint I"r
P- = member load vector

J

p. = numerical- values of connection parameters
J

a = matrix defined by Eq. (4.17)

R = member force vector at B for meml:er AB.'.BA

S = matrix defined by Eq. (4.29)

= force transformation matrix frorn B to 'A.AB

rn t - displacement transformation matrix from
^AB

BtoA

ïr = cantílever deflection at B for member AB
-BA

rT c -connectiondistortion"BA

\¡ M = mentber distortion
'BA

,, c = distort.ion vector for connection K
'K

\r E = el-astic distortion of member AB referred
'BA

toB

I^t = uniform distributed load



val-

0 = connectional rotational deformation



CHAPTER Ï

TNTRODUCTTON

1" 1 obj_ect of Study

The high cost of structural steel framing connections,

and theír sÍgnificant cont,ribution to structural

displacements have made the subject of framing connections a

source of interest in recent times. Vfhil-e the connections

constitute a smafl percentage of the total- weight of a

structure, they have a relat,ively high labour content and

hence represent a substantial- percentage of the total

framing cost. Connection deformation is often responsible

for a large proportion of t,he overall deflection of a

Structure. It is generally much more significant, than axial

deformation of members, which has been considered in most

structural analysis computer programs for Some time, oI

member shearing deformation which has often been considered-

In the conventional analysis of steel sLrllctures r beam

to column connections have normally been assumed to be

either completely flexible or completely fixed" These

aséumpt,ions are not consistent with actual structural-

behaviour, but have been used to simpJ-ify analysis. MeÈhods



have been proposed for incorporating the effects of

structural connections into the analysis procedure.

Hówever, because of the large amount of calculation and time

involved, these methods remained unattractive until the

digital colnputer removed the burden of lengthy computations

and allowed a return to tire basic principles of structural

analysis

To incorporate the effects of connection deformation

into a structural analysis computer program, it is first

necessary to have avaitable 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. Fina]Iy, the connection

characteristj-cs must be incorporated into the member

force-displacement relationships .

Based on these requirements, this study consists of

three distinct phases.

(a) The assembly of all available experimentally

obtained force-deformation information on the most commonll'

used connection types. The majority of the test data

availabl-e are in the form of moment-rotation (l'{-0 ) curves

rvhich relate the applied moment, M, at a particular

connection to the corresponding rotational deformation, Ô ,

which occurs at the connection.

(b) The standardization of the M- 0 relationship for

each connection type to mj-nimize the amount of connection



information that must be stored

(c) The generation of a structural analysis program

wrricrr incorporates effects of connection deformation.

Because of the non-linearity of the connection

moment-rotation curve, the program must employ an

analysis procedure.

iteraÈive

1.2 Relationship Tg-Lrsvious Studies

Since 1 930, there has been considerable research aimed

at determining the behaviour of structural connections ' The

original v¡ork was carried out simultaneously in Great

eritain by c. Batho and H. c. Rowan (3)*and in the united

States by J:C. Rathbun .Q7) These t'ests were conducted to

fincl the rel-ationship betv¡een the moment applied to a

connection, and the corresponding rotation between the

elastic lines of the connected memJ:ers. Since this original

work, there has been extensive research on many of the

connection types in use today. This work is summarized in

Chapter 2. The availability of an increasing volume of

connection information has made it possible to include the

effects of flexible connections in the analysis of a

structural framev¡ork.

J. F. e^k"r (l) and J. c. Rathbun applied slope

deflection ancl moment distribution method.s to analyze frames

wit.h flexible or semi-rigid connections. C. Batho and H' C'

Rowan presented a beam 1-ine method for analyzing semi-rigid

* Numbers in parentheses refer to entries in List of References



effects of flexible or

stiffness analYsis Program.

linear relationshi'P of the
0

frames. c. R. Montforton and T. s. v¡,r(22) incorporated the

semi-rigid connections into a

They assumed the aPProximate

form,
(1.1)

to adequat,ely represent the connection moment-rotation

behaviour in a frame with semi-rigid connections. In Eq.

(1 .1 ) ,

M - applied moment

À = relative rotation of elast,ic lines of connected

members

À is defined as a semi-rigid connection factor and

represents the inverse of the slope of the assumed straight

lj-ne portion of the moment-rotation curve shown in Fig. 1 ' 1.

It,s magnitude depends on the type of connection. Montforton

and tr,lu used the semi-rigid connection factor to modify the

member stiffness matrix and the member fixed-end-forces"

Their method, which depends on the approximate linear

relationship betr,veen moment and rotation, is acceptable in

the range where applied moment is proportional to the

relative rotation of the beam and column. However, Irìan1z

connection types exhibit a non-l-inear behaviour even at

working loads, ancl the procedure would give misleading

results if applied to these connections.

In this study, the non-Iinear connection effects are

considered by employing an iterative procedure involving

repeatecl cycles of linear analysis. After each cycle, the

=MÀ ,
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flexibilities are modified and the new connection

flexibilities used to modify the member stiffness matrices

and. the member fixed-end-forces for the next analysis. The

procedure continues until the rotation and moment calculated

for each connection, .ín the linear analysis, satisfy t,he

equation of the non-linear moment-rotation curve for the

connection.

While in general the analysis procedure is appticable

to any type of structure, in this study it has been

imptemented only for planer frames in which only the

rotational deformation of the connection is con'sidered.

1 .3 Ass.ur.nptions 1nd Limitjrtions

The assumpLions employed, and the limitations of the

analysis program developed in this studlz are:

(a) The effects of shear and axial load òn connection

deformation are ignored

(b) The program is timited. to the analysis of planer

frames

(c) Atl members 'are assumed to be prismatic and

straight.
(d) only statical loading in the form of concentrated

or uniformly distrit¡uted loads can be accomodated.

(e) The program uses an "in-core" equation solver.

Hence the sj-ze of the structure that can be analyzed may be

limitecl by computer primary storage capacity. Appendix D



gives an indication of the size of structure

analyzed for a given core capacity.

7

that can be

(f) Possible buckling of individual members or portions

of the structure j-s ignored.

(g) The effects of strain hardening are neglected.

(h) The material in ühe members is linearly elastic.

(i) It is assumed that the structural defLections are

sufficiently small that they do not affect t'he geometry of

the structure.
(j ) The only cause of non-linear structural behaviour

is the non-Iinear force-d.eformation characteristics of t,he

connections.

1"4 Conventions Used

Matrix algebra techniqu"= (20) at. employed throughout

this study for alL structurpl. analysis formulations. Às

illustrated in Fig. 1.2, the two types of coordinat,e systems

used are:

(1 ) Global system A single rigÌ:t hand coordinate

system for the whole structure. All loads, joint

disptacements, reactions, and joint coordinates are

expressed in the global system.

(2) Local system - Each member has associated with it a

right hand local coordinate system whose Xt axis has the

same direction as that assumed for the member¡ âs

illustrated for member AB shown in Fig. 1.2. Member forces



and distortions are expressed in the local system.

Each member is assumed to have a direction from its A

to its B end. The xl axis of the local- system lies along

member axis, and has its positive direction from A to B.

end

the
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CHAPTER ÏÏ

CTASSIFTCATTON AND BEHAVTOUR OF STRUCTURAL

CONNECTIONS

In this chapter, structural connections are classified

as to their behaviour. The moment-rotation diagram is

d.iscussed, and practical working definitions of rigid,

semi-rigid., and simple connections are presented. The

behaviour of the most commonly used structural connections

is discussed.

2.1 Introduction

At one time, riveting predominated as the most coÍtmon

connecting medium in sÈeel structures. Present trends '
however, aïe to an increased use of welding and high

strength bolting. Whil-e these terms reveal- t'he method of

connecting, they shed little light on the behaviour of the

connection.

The csa standard s-16 1965 (s6) and the Arsc

Specification of Steel Construction 1g67(32) t""ognized three

types of connection behaviour:

(a) rigid framing

10
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required for a theoreLically flexible connectíon.

Conventional rigid and simple framing analysis
(2s)

procedures are not unduly difficult. Holvever, as Ostrander'

has pointed out, the practical problems encountered in the

manual analysis of frames with semi-rigid connections are

numerous. Research is continually required to determine the

d.egree of rigidity of each new type and size of connection.

Methods are required to extrapolate test results and to

develop simplified linearly el-astic design procedures for

connectíons which generally act inelastically even in the

range of working ]oads. The recentllz rel-eased. CSA Standard

S-16 1969(38) o*its reference to semi-rigid framing as a

standard construction method, although semi-rigid

connections may still be used under this standard.

The increasing volume of experimental connection data

coupled with computer analysis procedures now makes it

possible to consider the actual connection behaviour in the

clesign and analysis of steel frames.

2.2 The Moment-Rotation Curve

The primary distortion of a connection is the

rotational deformation causecl by moment. Methods have been

proposed for cal-culating the M- q relationship for semi-rigid

connections I but most M- O curves must be det.ermined

experimentaÌIy. Appendix A contains a series of

experimentally obtained M- O curves for a large number of
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(b) simple framing

(c) semi-rigid framing

An ideally rigid connection is one whose M- 0 curve is a

straight verÈical- line. Regardless of the moment actíng

the joint, Lhere will be no relative rotation between the

two elastic lines. f,ikewise, an idealty simple connection

is one with a horizontal M-0 curve. Regardless of the

relative rotation imposed on the two members, the connection

will exert no resistance. Any intermediate condition is

semi-rigid. It is easily appreciated that fu11 rigídity and

full flexibility are extreme conditj-ons, never actually

obtained. Practical working definitions of. rigid, simple,

and semi-rigid connections are given by Brandes and Mains $)

as follows:
(a) Any connection which develops beam 'restraint of

less than 20% of the fixed-end-moment, thereby permitting

!Oy, or more of the beam rotation required for a

theoretically flexible connection, will- be cal1ed a flexible

connection.

(b) .Any connect.ion which develops 90f, or more of the

ful1 fixed-end-moment, thereby permitting no more than 10l

of the beam rotation required for a theoretically flexible

connection, will be cal-Ied a rigid connection.

(c) The semi-rigid connection is one capable of

carrying from z\iÃ to 90% of the full fixed-end-moment,

thereby permitting from 107' to 80% of the beam rotation
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connection types. The moment-roLation curve for a typical

semi-rigid connection is illustrated in Éig. 2"1 "

Observation of this figure and curves in Appendix A reveals

Lhat almost all connections behave inelastically. The

flexible connection types exhibit non-linear behaviour

almost from the start of loading, and the rigid connections

at a later stage.

2.3 Connection Description and Behaviour

There are maáy different types of connections in use

today. There follov¡s a description of the most commonly used

connection types and a discussion of their behaviour.

2.3.1 DoubLe l¡ieb AngLe Connections

I{eb framing angles r âs il-lustrated in Fj-g. 2 "2 '
const.itute one of t,he most commonly used beam connection

types. This type of connection is often termed a simple or

fl-exible connection since it is designed to resist only

vertical loads. Because of its frequent use, it has been

standardized in most codes and manuals of steel

construction. Al-though assumed to be simple, it does

provide some moment restraint, and under normaf conditions

is subjected to both shear and moment.

Moment-rotation experimenLs have been performed on

doubl-e web angle connections by J. c. Rathbun ,Q7) H. s.

somner, 
(:o¡ and by Munse, Lewittr' and ches"o.r.(tB) These
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experiments showed that in doubl-e web angle connectionsr

flexibility was largely the result of bending and twisting

of the angle legs. It was found that angles of Èhe order of

3/8 inch thickness conformed to the end slope of the beam

whil-e offering little resistance" With thicker angles, âñ

appreciable moment. resistance was developed"

Framing angles, 
-hor.n.ro 

are inefficient in developing

flexural resistance since most of the moment in a wide

flange or T'beam is developed by ftange forces. To develop

the flange forces by web angles necessitates funneling the

forces through the beam web. This results in early local

web yielding under the stress concentrations Èhat occur"

This limits the end moment developed.

Tests have also shown that the end moment developed by

a particular pair of connection angles depends on the length

of the angles, which in turn is a function of the beam

depth. Other factors which have been shown ù affect the

connection moment developed are the gage or gages of the

connection angles, the fastener type and size, whether the

connection is to a column flange or to a col-umn web, and the

physical properties of the angle material.

2.3.2 Single I¡lel¡ Angle Connections

singte web angle connections, illustrated in Fig. 2.3,

are very similar in behaviour to double web angle

connections. Thelz offer some aclvantages over double web



FIG.
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FIG. 2.3 SINGLE WEB ANGLE CONNECTION



angle connections,

easier to erect"

.17

in t,hat they are more economical and

s. L. Lipson(t9) p"trormed a series of tests on single

web angle connections. These tests showed that the

'relatively small moment developed by the connections lvas a

function of the length and size of angle, size of fasteners,

and connection gage.

2.3.3 Header Pl-ate Connections

welded header plate connections, illustrated in Fig"

2.4, are similar to single and double angle framing

connectj-ons in that they are intended Lo be simple beam

connections. They are designed on the basis of shear, and

lil<e web angle connecÈions, the moment transfer is small.

H. S. Somner conducted a series of experiments to

determine Èhe moment-rotation characteri-stics' of different

header plate connections. These tests Showed that at lov¡

loads, the connection behaviour was essentially elastic.

V,fith increas j-ng 1oads, there was considerable yielding in

the plate ad.jacent to the welds and bo]ts. The large

inelastic deformation in the header plate result.ed in large

rotations at the column. !,lith progressive yieíaing of the

beam web, the header plate was pushed into the beam web wj-th

. the result that the bottom flange approached and finally

carne into contact with the column. This resulted- in an

increased rotational stiffness since atl subsequent rotation



FIG.
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occurred about the the bottom flange as a pivot. This

rotation was obtained from further deformation of the header

plates, varying from a maximum at the top of the plate to a

minimum at Lhe bottom.

The behaviour of header plate connections depends on

the length of p1ate, the thickness of the plate, and the

connection gage. Differences in behaviour betv¡een header

plate and *:b angfe connections may be attributed to

differences in geometry of the two connections.

2.3.4 Top and Seat }jlgle Connections

This type of connection, which is generally regard'ed

being of the semi-rigid variety, is illustrated in Fig. 2

unLike web angle and header plate connections, the top

seat angle connection is designed to carry vertical load

to resist a significant amount of end moment.

AS

.5.

and

and

Research on the behaviour of top and seat angle

connections has been carried out by c. Batho and H. c.

Rowan, R. A. Hechtman and B. G. Johnstonr(l3) and J. C.

Rathbun. Test results from the experiments cond.ucted by

Hechtman and Johnston showed that the main factors

contributing to rotation were bending of the top angle and

column flange, extension of the tension fasteners, and' slip

of the rivets in the top flange of the beam. This type of

connection passed through three stages, beginning with an

initial stage with moment approximately proportional- to
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rotation, a second stage in which yietding spreads within

the connection, and a final stage characterized by

accelerated rotation resulting in either fracture or

excessive deformation.

Tes'ts also revealed that in the case of tight. beam

flanges, the top angle rotated as a whole and caused'

considerable deformation of the beam flange at high moments.

The greatest deformation of tire beam flanges occurred in the

connection wj-th the greatest thickness of top angle. In

addition, considerable slip occurred in the rivets fastening

the top angle to the beam flanges. It v¿as also observed

that a column with Very heavy flanges increased the

stiffness of a top angle to column connection, as compared

with lighter weight column sizes.

2"3,5 End Plate Connections

End plate connections, illustrated in Fig. 2"6, may be

flexible, semi-rigid t ot rigid, depending on the thickness

of the end pIate, the size,numÌ:er and distribution of the

bolts or rivets, and whether the end plate is welded to the

beam flanges or not. The connection betrveen the beam and

its end plate is usually a butt weld or a double fillet

weld

The most significant research on end plate connections

has been carried. out by R, Doutyr(7) 
". 

*. ostrander, and A.

N. Sherbourne. (29) Dout1, and Ostrander found that plate
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flexibility, together with bolt eJ-ongation, had an effect on

connection rotation. Tests by Ostrander showed that column

flange distortion also contributed to end rotation if no

column stiffners \dere provided. In the majority of cases,

colì:rnn web and beam deformation made only minor

contributions to total rotation.

The end plate connection does not stiffen the beam, but

because of the plate flexing action and bolt elongation, may

permit a much larger amount of rotation than would a butt

weld in a welded connection. To develop the fulI potential

of the fasteners, rather thick plates are required. By

lo_cating some of the fastener group outside the tension

flange, the ffexure arm of the fastener group is increased,

and the bending of the end plate is reduced.

The research on end plate connections has shown that

column stiffners increase the rigidity of an end plate

connection by restraining the column web adjacent to the

beam compression flanges and by confining and restraining

the deformation of the column flanges adjacent to the beam

tension flanges. The deformation of an unstiffened column is

not confined as effectively to the immediate region of the

connection as is the deformation of a stiffened col-umn.

2"3,6 Welded Top Plate and S.eat Connections

wel-ded top plate and seat connections, il-lustrated in

Fig. 2"7, can be designed either to develop tÌre ful-] moment
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capacity of the beamr oI to restrain the beam by some lesser

amount. The size of the top plate is based on the moment

that the connection must develop. The smal-Ier the top

p1ate, the smaller the moment transmitted from the column

Ínto the beam. The connection must be capable of resisting

definite moments v¡ithout overstressing the welds.

In a moment connection of this type, some means must be

provided to carry the thrust of the bottom flange. This is

usuàl1y accomplished by specifying a square butt weld

between the end of the beam flange and the column. To

prevent stress concentrations in the top p1ate, a curved

transition from Lhe widened end. of the basic plate is often

used. The Vertical beam reaction is carried by the bottom

seat, and selection of the seat is based on the Vertical

reaction to be carried.

Several researclì prggrams have been carried ouL on

r,velded top plate and seat connections. J. L. Brandes and R.

M. Mains performed an extensive series of experiments on

connections that. were inLended to be of the semi-rigid and

flexible type. These experiments determined the behaviour

of several top plate and seat details. L. G. Johnson, J. c.

Cannon, and L. A. Spooner (15) tested several welded top plate

and seat connections that were designed as rigid

connections. R. F. Pray and C. J".r=u.r(26) conducted a short

test program to check a proposed design procedure for this

type of connection"
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2.3 "7 T-Stub Connections

The T-stub connection, illustrated in Fig. 2.8, is one

of the most commonly used connections for transmitting

moments between beams and cofumns in bolted and riveted

construction, As usually designed, the T-stub connection is

sufficiently stiff to be classified as rigid. However, it is

relatively simple to control- the fl-exibilit'y by varying the

flexibility of the T-stub flange.

In the T-stub type of moment connecÈion, the fasteners

in tnl top stub fl-ange are in tension. An additional

tension in Lhese bolts is caused by a prying action of the

flange flexing. The greater the flexibility of either the

coJ-umn flange or T-stub flange, the greater will- be the

prying action on the bol-ts" The subsequent bolt elongation

and deflection at the centre of the T-stub flange contribute

to the rotational deformation of the connection.

The principal research on T-stub connections has been

conducted by C. Batho and H. C. Rov¿an, and R. Douty.

Experimental work by Douty showed that bolt elongation and

flange flexure v/ere the primary cause of stub deformations

on the tension side of the connection. It is thus possible

to control the rotational- flexibil-ity of the connection by

varying the thickness of the T-stub flange" Tests by Douty

al-so shorved that high shear had negligible effect on the

overall performance of the connection.
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FIG . ?.8 T-STUB CONISECTION



CH.APTER IIT

STANDARDÏZATTON OF MOMENT-ROTATTON CURVES

In this chapter, the method of standardization of the

moment-rotation relationship for various connection types is
presented. The procedure is illustrated, using as an

example a double web angle connection.

3.1 Introduction

The consÈitutive relationshíps between moment and

rotation for various connections iç important in the

d.etermination of the force deformation relationships for a

member with flexible connections. In order for a structural

analysis computer program to incorporate the effects of

connection deformation, the moment-rotation relationships

for the connections used must be availal:Ie. There are tvzo

\,vays that these rel-ationships can be incorporated into such

a program.

(a) The moment-curvature information for every

connection of every type can be stored. Since for any given

type of connection, there are a number of "size parameters"

such as connection depth, angle thickness, etc., this
26
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requires the storing of Èhe force-deformation information

for an extremely large number of connectionsr many of which

may be identical except for one size parameter.

(b) Since the moment-rotation characteristics for all

connections of a given type are similar, a "sÈandardized"

moment-curvature relationship for that connection Lype can

be derived. This standarclized relationship is a function of

the size parameters for that connection type. The

moment-rotation characteristics for a particular connection

can then be generated by substituting it,s size parameters

into the standa.rdized relationship.

The latter procedure has the obvious advantage over the

former, that it drastically reduces the amounL of connection

information that must be stored. Using the standardization

procedure, the description of only a single moment-rotat,ion

function for each connection type is necessary to be stored"

Consequently, the standardization procedure has been used in

this study. It makes use of experimentally obtained

moment-rotation curves for connections of a particular type

and involves isolating the effects of the various size

parameters and incorporating them into the standardized

moment-rotation function.

The procedure vias derived by H. S. somtter(30) and

applied to header plate connections. In this study, it has

been exÈended to the follorving connection types:

(a) double web angle connections
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(b) single web angle connections

(c) header plate connections

td) top and seat angle connections

(e) T-stub connections

(f) end plate connections without column stiffeners

(g) end plate connections with column stiffeners.

3"2 Standardization Procedure

The standardizatíon procedure employed in this study

involves the representation of the moment-rotation curves

for all connections of a given type by a single function of

the form;
co

1

ó = I C. (ru{)r
i=l r (3.1)

where

Q = .rotational- deformation of connection, radians,

Ç = consÈant,

I( = dimensionl-ess factor whose value depends on the

size parameters for the particular connection considered,

M = moment applied to the connection.

The factor K is assumed to have the form,
m a.(= îï P. ' ,r.r,

j=l J

where

P = numerical value of jth size parameter,j
a = a dimensionless exponent which indicates thej

effect of the jth size parameter on the moment-rotation

rel-ationship,
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m = total number of size parameters which are assumed

to influence the moment-rotation relationships for the

connection types considered.

The evaluation of the exponents a in Eq. (3.2¡ can be

illust.rated by considering a¡ family of experimentally

obtai-ned moment-rotation curves for connections which are

identical except for parameter Pj, as illustrated in Fig"

3" 1"

is considered and

at a particular

(3.3)

parameter P

1 and 2)

at rotation

solved for

follows:

ues of

curves

alues,

2l

M2

val

to

tv

A pair of curves r Sây curves 1 and

the relationship between moments Ml and

rotationr0, is assumed to have t,he form¡
r I a.Mr lt'rl'\= lËl

where P ." and P.^ are the numerical
JT J¿

for connections 1 and 2 (corresponding

respectj-vely. M , and M, are the momen

, for curves 1 and 2 respectively.

Eq. (3.3) is then rewritten and a. as
J

Eq. (¡ . ¡l ) is used to calculate

to several different rotations for

experimental curves, such as 1 and

and 3, 2 and 4, etc. The mean of

obtained. is used in Eq. (3.2¡

(3.4)

ar values corresponding
)

each combination of

2, 1 and 3, 1 and 4, 2

the a. values thus
)

a. =
J

los (Ml/M2)

nFEll'¡r'
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When average values have been cal-culated for all m

exponents a-: in Eq" (3.2) they are used to obtain a series'l
of points on a standardized moment-rotation (Kl'I vs 0)

diagram. Finally a least squares curve fit.ting procedure is

used to derive the stanclardized moment-rotation relatj-onship

in the form of Eq. (3.1 ).
Since the moment-rotation function is an odd function,

only terms invol-ving odd pov¿ers i in Eq. (3.1¡ appear in the

standardized functions. Furthermore, for the functions

derived in this study, it was assumed that sufficient

accuracy was obtained by including only three non- zero

'terms.

3"3 Standardized Moment-Rotation Relationship for Doubl-e

l{eb AngLe_ Connections

The standardization procedure is illustrated belovr for

double web angle connections.

3 . 3 " 1 Parameters Af f ecting l.{oment-Rotation Charactgri stics

of Double Vleb Angle Connections

For double web angle connections, the parameters which

most strongly affect t,he moment-rotation characteristics

are:

(a) depLh of connection d (in)

(b) gage of column connection g (in)

(c) thickness of angles t (in) as illustrated in Fig.
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3"2"

3.3"2 Calculation of Factor K

The moment-rotation curves used to cal-culate the values

of exponent= rj for the various parameters are shown in Fig.

A" 1 to Fig. 4.3 in Àppendix A. The necessary calculations

are shov¿n belorv.

(a) Parameter 1 - Depth of Connection

The moment-rotation curves used to calculate the val-ue

of exponent .1 for the depth parameter were obtained by

Munse, Lewitt, and Chesson Jr., (18) and are illustrated in

Fig. .A..1 . Consider firstly the curves for their test. 4 and

test 6 as reproduced in Fig. 3.3. The curves were obtained

for connections which were identical in every respect except

for the depth pararneter. For convenience, the curves for

tests 4 and 6 have been labelled curve 1 and curve 2

respectively. For a rotation value of O - 2.5 x 1 0-3

radians, the moment values obÈained were

M. (curve 1) = 300 in. kiPs
I

M^ (curve 2) = 600 in. kiPs
¿

The correspond.ing depth parameters \.^/ere

d - (curve 1) = 17.5 in.
1

d - (curve 2) = 23.5 in.
2

Thus from example 3.2,

ros ,#,
at = -- rl.s. =

rog (rz.s)
-.3010
)'2n = -z'Jo
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SIZE PARAMETËRS FOR DOI.,IBLE WEB

ANGLE CONhJECT!CINS

FtG.3"?

column stub
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Repeating the above procedure for different values of

the depth parameter and for other rotation val-ues and

averaging the r"=ultrrrt exponents, a mean value of ul = -2.3

is obtained.

(b) Parameter 2 - Thickness of t^leb Angles

The value of exponent u Z for the angle thickness

parameLer is determined by a similar procedure to that used

for the depth parameter. The moment-rotation curves used to

cal-culate the value of exponent a were obtained by C. Batho

(3)and are reproduced in Fig. 3.4. For convenience they have

been labell-ed curve curve 2 and curve 3 " These tests \,vere

performed on double web angle connections which were

identical 5-n every respect except for the thickness of the

web angles For a rotation value of 7.0 x 10-3 radians, the

following rnoment values were obtained.

The corresponding angle thickness parameters were

Ë1 (curve 1) = 3/B in. (6 x 3 L/2 x 3/B angle).
t; (curve 2) = I/2 ir,. (6 x 3 I/2 x I/2 angle),
tt (curve 3) = 5/B i-n. (6 x 3 L/2 x 5/B angle).

Mt (curve 1) = 1BB in. kips .

ì't; (curve 2) = 200 ín. kips .

M; (curve 3) = 2l-2 in. kips.

ros c#l
at = ----ä- = - 0.216- tos (ra)

Again,

Eq. (3.2),
substituting the values for curves 1 and 2 int,o

SimilarÌy, using the values for curves 1 and 3,
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- .188ros (ffi)
"r=*,agr, =-v'¿r)

The final value of exponent uZ for web angle thickness,

again found by averaging the exponents cafcul-ated for

several values and several pairs of curves, is u 2= -0.23"

(c) Parameter 3 - Connection Gtge

Tnsufficient data are avail-able to obtain an accurate

value of exponent a for connection gage. Therefore, the

value a^ = +1 " 6 u obtained for header plate connections, is
J

used "

The K factor for the doubl-e web angle connection,

obtained by sul:stitutíng exponent" tl, a z, and .3 into Eq.

(3.2) is thus:

, .-2 .3 - ,23 L,6K=d t I

3.3.3 Calculation of Standard Moment-Rotation Curves

The final sÈep in the sì-andardization procedure is to

obtain a standardized moment-rotation curve. For each

double web angle connection of Appendix A, a unique factor K

can be cal-cu1ated. Each mornent-rotation curve is multipliecl

by its corresponding K value, and a mean curve is drawn

through the band of test results as illustrated in Fig. 3.5.

The l-east squares curve fitting program, rvhich was used to

obtain equations of standardized moment-rotation curves for
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all of the connection types consídered in this study, yields

the folloviing fifth order equation for the standardized

moment-rotation curve for the dout¡le web angle connection:

þ = 3.66 (Klr) ro-4 + r.rs (KM)3 rc-6 + 4.sl (x¡r)s ro-8

This equation can

moment-rotation curves for

within Èhe range of test

standardized moment-rotation

connection types considered.

be used to reproduce the

double web angle connections

results. Appendix B list,s the

functi-ons for each of the

3, 3 " 4 Accuracy of St,andar.dization Procedure

The accuracy of the stanclardizatj-on procedure can be

checked by comparing the moment-rotation curves generated by

the standardized equation with actual experimental-ly

obtained curves. Fig. 3.6 shows a typical moment-rotation

curve comparison for two double web angle connections.

Additional comparisons have been made for other types of

connections and these are included in Appendix B.

With few exceptions, the procedure was found to produce

an accurate moment-rotation curve for a connection within

the range of test results available. Table 3-1 gives an

approximate indication of maximu¡l percentage deviation from

experimental- curves for each connection type.
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TABLE 3-1 CO}.fi'ARISON OF STAI\DARDIZED AI{D EXPERI}ßNTAL CONNECTION

]'ÍOMENT-ROTATION CURVES

Connection Type % Deviatíon of Standardized
Curve from Experimental Curve

Doubl-e l^ieb Angle Connection

Single l^leb Angle Connection

Header Plate Connection

Top and Seat Angle Connection

End Plate Connection Inlithout
Stíffeners

End Plate Connection With
Stiffeners

T-stub Conneetion

o/"

r0%

47,

LL 7.

37"

o/"

12 1¿
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CI]APTER IV

FORCE DEFOR.I{AT]ON RELATIOI.ISHIPS FOR A PIE}IBER

In this chapterr the force-deformation relationships

for a continuous elastic member are summarized. These

relationships are then modified to include the effects of

flexil-r1e connections. As an illustration of the procedure,

'bhe force-deformation relationships are cal-culated for a

member with rigid end connections and one rvith pinned ends.

4. 1 Introduction

The force-cleformation relationships for typical

member in a frame can be adequately represented by tlo sets

of quantities, the stiffness matrix referred to one end of

the member, and the fixeci-end-force vector that would occur

at that end if the member were loaded along its length with

its ends rigicily fixect. Once these quantities have been

rigidly determinecl, the stiffness matrix and the

fixed-encl-force vector at the other end of the member can be

calcul-ated using only statics and geometry.

The force-deformation relationships for a continuous

elastic member can be derived by considering only sLati-cs,

4I
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member geometry, and the stress-strain characteristics of

the material. For a member with flexibl-e connections, the

member distortion consists of elastic member distortion and

distortion due to connection deformation. The effect of

connection deformation can be incorporated into a structural

analysis by modifying the member stiffness matrix and

fixed-end- forces .

4"2 Fo::ce-Deformation Relationsh j.ps for a Continuous

Elastic l''lember

Consider me¡n]:er AB shown in

loaded kry concentrated l-oaCs P.l

enctsAandBrespecÈively

amount , AB, the displacernent u
BA

R
BB

u =T fu +FBA AB AB

Fig. 4. 1 .

and by forces

If end A is

at end B is:

NL
+' T IF P

BA .". JB JJ J
J --I

Tire mem]:er is

R 
Ou 

and Ruo at

displaced by an

(4.1)

to B.

rqhere:

T - = force transformation matrix from R to A
AB

F.-^ = flexibility matrix at B for member AB
BB

F-- = fl-exibility matrix at ,f for segment AJ
JJ

NL = total number of loads n, on member.

The matrix T ,-t transl-ates displacements from A
AB

It is convenient to define:

NL
U _ T T TF P" BA ,1, 

"u 
'JJ' J (4'2)

J=l

cantilever deflection at B due to loads O, 
"

where U
BA
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CONTIruUOUS ELASÏIC MEMBER

FlG.4.l



Premultiplication of Eq.

of Eq. (4,2) gives:

-1(4"1) by FBB -= K

R BA = I( uu 
(u ¡elT^nt 'eu ) -*uu u 

uo

where Knn = stiffness matrix at B for men¡lcer AB'

The elastic distortion of member AB referred

the distortional displacement of B relative to

defined by:

V E = u -T tu
BA BA AB AB

Substitution of this definition into Eq. (4.3)

fotlowing force deformation relationship for

ref erred t.o B:

R = K V E-K
BA BB BA

The fixecl-end-force at B is found by setting

distortion to zevo in Eq. (4.5), and solving for

force at B. Thus:

44

,and substitution
BB'

to

À.

(4.3)

B

II

(4 "¿)

gives the

member AB,

l_s

AS

To formulate the

member rvhich has any

(4.s)

the member

the member

force-displacement relationships for a

number of f lexibl-e connections at

U
BB BA

R F--K u
BA BB BA

l¡where R r = fixed-end-force vector at B.
BA

(4 "ø)

4.3 Force Def ormation Relatíonstrip for i'{embers with

F1exibIe Connections
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cross-sections K, consider me¡iber AB shown in Fig. 4.2. The

member is loaded by concentrated loads P.l applied at

cross-sections J, and by end forces ** and Rua. I{hil-e

connections woufd normall)z be used only at the ends of

members, the method is applicable for connections located

anywhere along the member:

Assunre a.flexibility matrix, FK, for connection K' such

that:

where:

V C = distortion vector for connection K. It gives the
K

relative displacements at the two sides of the connection"

F-- = a diagonal flexibility matrix for connection K"
K

The main diaEonal el-ement I¡ ,, gives the inverse sJ-ope of the

force deformation curve for the Ith force cornponent of the

connection.

R K= force vector at connection K.

Under the action of the a¡:p]ied loads, the total

distortion, V-^, "i tþe menber and its connections' consistsBA' 
:tion v c due to theof member distortion uuo", and. distor 

BA

deformation. of the connections. Compatillility requires

that:

u*t = F"Rr

v = v M+v c
BA BA BA

can be expressed

(4.7)

(4.8)

of theDistortion V
BA

IN terms
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Rae

FLEXIELE CONTECT|OruS AT A, B, AND K

MEMBER WITH FLEXIELE CONNECTICINS

F rG . 4"3.
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cleformations of the connections as follows:

R =K
BA

The force vectolî

BB BA

(4 . 12 ) beconres :

FRKK

is:

P
J

KB of the

(4.13):

(4 "e)

t.o

(4 .10)

(4.r1)

the member

(4.t2¡

(4 .13)

^NCv c =-'i t rvc
BA r]r K3 K

where:

B.

NC = nunrber of connections

T -t = matrix which translates displacemenLs from
KB

The member distortion is Lhus:

V If = V -V C

BA BA N'FA

=V -"if tYC
BA r<lr ru K

Substituting Eq. (4.9), EQ. (4.10) becomes:

v t"I- v -tl , ËF RBA BAK:TKB KK

The force vector at. B, defined in terms of

distortion and the cantilever deflection UBA, is:

R =K V M-
BA BB BA

Substituting Eq. (4.11)' Eq.

(v -u )-K *ir t
BB' BA -BA' BBK:I KB

at any connection K

K U

ñmNKxr' r R * rT
K KBBA KJ

J=I

where NK = number of loads on segment

Substitut.ing Eq. (4.14) into Eq.

member.

(4.14)
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NC

RBA = Knu (Vu¿. -u u¿]-hnl-rrrn'

For convenience define:

NC.NK
F*r *¡\e -Kuufl-f *' t *l-f 

"rn,
(4 .1s)

(4.r6)

0- (4.L7)

0

0

(4.18)

OF
k

0 0 0 0 0 
"*a,*a

1 vector whose Kth element is the

for connect-ion K.

1 vector, the Kth element of which gives

at connection K, of the loads on portion

ftp I
ct= lrt Itï IIr I

L NC 
'EJlNK -1

lrl,"'n' Illn:Ilç T P I

lr'=t KJ J 
Ilxr : I

lv T P I

þ=t trc 
' 
-t gl

and,

[=

where:

Gt = an }JC x

translation matrix

A = an NCx

the statical effect

FO
1

OF
2

0000
0000

0
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KB of the member.

[ = a diagonal matrix for which the Kth diagonal term

is the diagonal matrix F* for connecLion K.

Then:

RBA = Kuu (vuo-u 
BA) -K BBGEG 

t*uo- 
KBBcEQ

or3

(r{-K 
BBGE6 

t) Rre = n ou(vuo-un¡,) -KBBGEQ G.r9)

where he-re, I represents a unit matrix.

l{ex'b, def ine:

s = (r+r.BB GEc 
t) -1 (4 

" 2o)

Then:

FsA. = S* uu(Vuo )-SK s¡(U¡a+GEQ)
(4.2L)

Bq" (4"21) gives the force-deformation relationships for a

member r,viLh any number of flexible connections located

anywhere along its length. By comparing Eq. (4.21) with Eq.

(4.5), it can be seen that:
(a) The modified stiffness matrix for a me¡nJrer with

flexible connections is

KM=SKBB BB
(!.22)

(b) The fixed-encl-force vector at B is

nut = -* uu" 
(u 

BA+cEe)
(4.23)
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ects of connection deformations o

ember AB with flexible connections

for the member is:

[" ol
= lA I G"rot

LO FBJ

To illustrate Èhe eff

consider a plane frame m

at. its ends. The E matrix

4.4 Modified Stiffness Matrix for Plane Frame Members With

Connections at Ends Only

where:

F A 
: flexibility matrix for connection A.

F B = flexibility matrix for connection B"

The flexibility matrices F A and F n are diagonal

¡¡atrices which represent axial, shear, and moment

deformations produced by unit loads. Axial and shear

effects can be considered negligible and hence the

flexibilities of the connections may be represented by the

bending flexibility component only. This component is

represented by the inverse of the slope of the

moment-rotation curve and is naturally dependent on the

connection type. The E maLrix can therefore be written as:

f,=

0000
0000
0 0 c. 0

A

0000
0000
0000

00
00
00
00
00
O C,

(4.2s)
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A

B"

,l

0

0

0

0

0

1

rti
rti
.so

1

0

0

1

0

0

me

0

L

eforma

eforma

can al

t beco

t
b

d

d

GEG

|]_n

iin

.tr

AB

:t

di

di
at

to,

ct

nd

ma

,uc

.^t

'l
s|,. a-c¡ )

1+2jf(2cB -c A) |LJ

I
l.
t,
L

f elast

inerti

member

component

component

written

for connection

for connection

AS:

on

on

be

0

1

L

0

1

0

=
A

B

he

^ttt

ep

From Eq" (4.20)

s - (t+xuu cEGt )-r =

where: E- = modul-us o

Ï = moment of

f, = length of

g

g

.l-x

ben

ben

Gtm

=l
L

rodu

GEG

re3

c

T

whe

and

(4.26)

(4.27)

0

LC
A

(cA +c

0

( t +qE'Lc6 )
L

-2Eïca

icity

a

ôe.

0

t2c

LC
A

Èh

CEG
A

(4 .28)

Thus:
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$=

t+zer (2cR-c 
^)L''*+(co+c B+3ïcA% )

0

-erftco-cu)

|-_
IAEl-r

I
1+4Er (c^ +c.-+3EIC. C -).=--.Àö-.:-Al'-

LL

rrqlt r +sElc 
o)L L"

1+tE!(cA +cB+IEåCAc

with rigid connections at ends A and B,

modif ied stif fness mat,rix in Eq. (4 .30 )

B)

(4 .30)

4.4. 1 l4odif ied Stif fness I'fatlix for l'4ember l.rlith Rigid End

Connections

member AB

0 and the

to:

1+4Er (c ^+c r3Erc ^c- )¡\ ¿T D.LL

onrc 
^

L
1++ (cA +cB+JEÃcAc

2EIC.

-^
t"

t *+ (c 
o+cu 

+$co c ul

'-lhe modified stiffness matrix for the member

be generated. from

and is

Kru"

For a

1=î=-A "B
degenerates

*uu" = SKuu

0

lZnt ( 1+nrc^ +nrc- )-T L^ L"
1+tg!(cA +cB+3ErcA c 

B)

0

-6ET (1+2ErC 
^)

- 
¡ì,rz L

(4.2e)
can then

(4 "zz)

-6Er(1+2Erc^)
TL L
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r-
ler

\rt= 
|'"
lo
I

is identical to the

continuous member.

0

tzfr
r.3

-eET
rZ

stiffness

- orr (4 .3r)

"2,rÉT

matrix KBB, at the endwhich

ofa

4.4 .2 Modified Stiffness Matrix for Member With Pinned

Connections at A and B Ends

For a member AB with pinned connections at A and B, C^
A

t1 co Dividing the numerator and denominatoù of eachvB

coÍ'ponéIrl of L,ire rriodifiecl stif fness matrix in Eq. (Ii.30) by

C A = CB, the matrix becomes:

v M_
ttBB

12Erl 1+2EI I

L, LCn LJ
@
c t L^

A

2

-6Er-12 (Er)
izc^ Jf

ljF4Er (2+3EJ_C 
^)A'C^ L L¡t

æA_ '

_tEr+ 12 qJ-)z
I,C¡ L

1 +4Er ( 2+3trrC^ )

%tr,^

-.-_-
1+
õ

¡̂I

00
00

6EI
L

4'ffi.
t

2Er I

Ll
3TTõ

t

[t+t-

Lcorfr

Then setting
AE

L

0

0

;

**r* = (4 .33)
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which is the B-end stiffness matrix for a member with pins

at both ends.

4.5 !-ixed-End-Forces for Member With Flexib1e Connections

The fixed-end-forces

calculated from Eq. (4.23)

for member AB of Fig. 4.2 can be

nrt = -SKns%t -SK BBGEQ
(4 "23)

r,¿here all Lerms have been prevS-ously defined.

The fixed-end-force vector at B is calculated below for

a member that is continuou.s at. end B and pinned at end Ar

first,ly for a single concentrated load at midspan, and then

for a uniformly distributed load covering whole span.

¡+.5"1 Fixed-End-Forces for Member With Concentrated Load

Consider a single concentrated load placed at the

midspan of member AB as shown in Fig. 4.3. Meml¡er AB is

continuous at end B and pinned at end A.

The modified stiffness mat,rix for the member can be

generated from Eq" (4.30) r and is
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\r*='*uu=

TL¡e cantiler¡er def lection, U BA, is given by

uBA = trutuJA = trutF.l-lP.l

-6Er(1+zErC^ )------= fr
L-L

,.+],(cA+cs+3elc^cB I 1+!Er (cA+cB+!ErcA%

-6Er ( 1+2ErC. )---7-- ---= å'
t L T,

1+4E-I (C +C +3EIC C )--T- A B 
" 

AB'

(4"34)

folLl
= l-5pL,l (4.35)

ï4 enT I

l-r"'l
l:ffi:l

I
t_

and is

us¿" =

Therefore, the

- SKUUUUO =

-3L
24ñ

)L-
BEI

of Eq.

p-parc .+spnrc-ö2 4L '^ 4L
1+¿lEÎ(c^ +c-+3ETc^ c

L ¿l o 
L'*

-pr,+prTc
: -B- l-1_

1+4Er (c ^+c- +3Ij rc. C-)
L A o --1;^ 11

te

A.E

rst

[0

l'1
þo

;r
L2l

:l BEI I

LI
2Eq

(4.23)

0

0

_P

0

becomesrm

(4.36)

1zET ( 1 +EIC ^+EIC .).------.-'_¡I-D.
TJ L L

and cEO is
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tìoo1ool
l' 1 L o 1 'l
þo1ool

0000
0000
C60 0 0

0000
0000
0 0 0 

"u_
becomes

0

The product SK

FÞ=^B

ìo
00
00
00
00
00

,u""Q

0

-P

-PTT
0

0

0

c4.37)

(4 .38 )

(4 .39)

Therefore, adding Eq.

fixed-end.-forces are:

r-l 2
3EIC¡ P+61 EI I Cr C"P

!L L aI
1++ar (cA+cB+3tl.o", 

'

-ffic oPffi
-¿rD-trAu

(4. 36 ) and Eq. (4.38) , the B end

0

P+1lgI!Á!.*1PÆçs *a I *-jt c6csP
2 4L 4L LLI

-'

1+4Ei (cA+cB+3ErCaC s)
LL

-PL- gmc 
AP

84
1+4HI (C A+cB+3ErceC n)

ql

I

andC =0.

L

ThereforeFor member ABr C
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(4 .40)

(4 "4L)

to the

(4,42)

'ut =

oF=.A

0

11P
16

-3PT
16

By st,atics

flection at B corresponding

ad shov¡n in Fig. 4.6 is:
T.f-

= lr t ¡' P d=

' 
CB CC

o/
r" . rt

=lT'F (lT r{dz)ds
oJ cB 'o,J cD D

ility matrix

r at cross section C

[{

Fig" 4.4 il-]ustrates the free-body diagram for member AB

4"5"2

Distributed Load

Consíder member ÀB which carries a uniformly

distributed load over iLs entire spanr âs shown in Fj-g. 4.5"

The member has a r.igid connection at end B and a and pinned

connection at end A.

The cantilever de

uniformLy distributed lo

une

where¡ Fa= unit flexib

PC = force vecto

Fixed-End-Forces Uniforml-
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o,fi**ou' 
=-f

[]lLJ

l_:
ÀzG

0IF

dz=

becomes

(4.43)

(4.44)

(4.4s)

Ld

cross sectional area

= t'shear area" in direction

moduius of rigiaity

UBA =

Therefore, the first term

Then:

where: [=

A2

õ,=

""^ ,j'[l :

shs u¡e =

0

wzú
BEI

Vr2T,3

6Er

of Eq. (4.23)

0

W2 L-I,I 2Efc6+Swz EÏcs-T --T ---Z--
t *q, (cA +cB+3E-LcAc 

B)

^ --'W cL¿ *EIiVc C 
^ 
L

-----å--J¡-122
1+¡Ej(co+c ts+381c AcB)LL

GEQ ts
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(4.46)

The product - SKBBGEQ becomes

0

gBrc¿+3 (Er)2 wrco c o

LL

Therefore, adding Eq.

fixed-encl-forces are :

(4.47)

-ETr,vi c
1+4.1;r(C +C +JE]C C )

L A B _TA 
B

(4.45) and Eq. (4.47), the B end
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(4.48)

(4 "4e)

0

.--_rr, 
r,+sElw "co +¡É-rwz c B+3 (ET) 2w 

rcoc u

LL

ô-
W 2L¿-EIv'izcl,LTT --z-

t +!ElI (C6+C rr_3Elcecs )
L

=æandC =0. TherefOre

0

5W 2LE---

-w zL2

-E-

oF=-B

'ut =

For member AB, C

By statics

t- ol
,o'= l*t l ,4.s0)

L 0l
Fig" 4.6 illustrates the free-body diagram for member À8.



62

MEMBER AB WITH UNIFORMLY DISTRIBUÏED
LOAD

F rG. 4"5

WL2

FREE BODY DIAGRAM FOR MEMBER AB

FlG.4.6

úJ g
-/
5WL
I



CHAPTER V

LTNEAR A}TD NON-LINEAR ANALYSTS PROCEDURES

In this chapter, the stiffness method of analysis for
linear structures is reviewed. An iterative procedure which

has been implemented in this study for the analysis of plane

frames with non-linear effects is presented..

5" 1 Tntroductíon

A linear structure is one in which a1l dísplacements

and int.ernal forces are linear functions of the applied

loads. Most practicar structures behave in an approximately

linear manner at working loads " The assumption of rinearity
has two important advantages. In the first pIace, it
greatly simplifÍes the actuar task of analysing a structure
under a particular loading system. In the second place, it
aIlows the superposition of solutions, v¿ith a conseguent

saving of effort when many different loading systems have to

be consi-dered.

The two basic rinear structural analysis methods are

the flexibility (force) method and the stiffness
(dispJ-acement) method" Both methods are based on the fact
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that a structure must simultaneously satisfy the equilibrium
and compatibility conditions, while the material in the

structure saLisfies known stress-strain relationships. The

difference betrveen the two methods is the order of

application of the equilibrj-um and compatibility conditions "

The flexibiLity method assumes equilibrium at the outset,

but violates compatibility. Compatibility is then

re-establ-ished by writing compatibility equations.

The stiffness method assumes compatibility at the

outset, but violates equilibrium. Equilibrium is then

re-established. by vrri.ting equilibrium equations. The

stiffness method is welL suited for use of the digital
computer. While it generally j-nvolves more computation

than the flexibility method, the cornput,ations are much moïe

systematic and therefore more easily programmed. For thj-s

reason, the stiffness method has been employed in this
study.

There are three important causes of non-Iinear

behaviour in structures. The first is non-linear behaviour

of the material- from which the structure is made. This

normally affects the behaviour of the structure only at
loads beyond the working range.

The second cause is usually referred to as "gross

deformation". In linear analysis, it is necessary to assume

that the deformations of a structure are smal-l- compared to

its dimensions, so that the overall- geometry of the



structure is not significant,ly altered

loading it.

6s

by the process of

The t,hird cause of non-linear behaviour is essentiarly
a particul-ar case of the second. but is of sufficient
practical importance to be ìnentj-oned separately, This is the

effect which axial forces have on bending stiffness of
members in rigid-jointed frames and trusses. rf the axial
force in a member is compressive, the bending stiffness is
reduced, while, if it is tensile, the stiffness is
increased. This effect fray, in extreme cases, cause a

structure to become unstabLe whil-e still- remaining elastic.
For sÈructures with f l_exibl_e connections, joint

dispracements at working loads are normarly sufficiently
small- to preclude non-Iinearity due to , "large
dispracements " . Furthermoïe, t.he ef f ects of axial- forces on

member stiffness can generally be neglected. However, while
the members are generally linearly erastic, the connections

often behave non-linearly at working loads. Therefore, a

non-l-inear analysis procedure is required for flexibly
connected structures.

Non-linear analysis procedures generarry involve the

linearization of structural behaviour. They ernproy repeated

cycles of linear analysis to arrive at a set of
displacements and internal forces that satisfy
contpatibility, equil-ibrium, and the force-displacement

relationships for the sÈructurar members and connections.
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5"2 Linear Ftiffness Formulation of structurar Anarysis

The stiffness analysi-s procedure involves the
systematic application of the folrowing three types of
conditions to a structure:

(a) Equilibrium - the forces exerted on a joint by all
members framing into it must exactly balance the external
load applied to the joint.

(b) Force Displacement Rerationships these equations

relate the member end forces to the corresponding

displacements.
' (c) compatability the displacement of the end of each

member framing into a joint must be the same as the
displacement of the joint.

consider a typical joint r in a structure as shown

Fig. 5,1, The equilibrium equation at the joint can

written:

in

be

tK tJ
Pr = *lr"&* -rlrnrt, * u, G.1)

where:

Pl = total external load on joint I
nK = number of members whose B ends frame into joint r
tJ = number of memJ¡ers whose A ends frame into Joint r
H = rotation transformation matrix which transforms

force and displacement vectors from local coordinate systems

to the globaJ- system.

T - translation matrix
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R- = force acting on B end of any member K whose B endoK

frames inÈo joint I"
RR = force acting on B end of any member J whose A end

"J
frames into joint I.

The force-displacement equation for any member L which

frames into joint f is expressed by Eq. (4.21),

ou, Ë slK nnr'qt -t*t rou, ) *Rr"F

consider joint r which has a displacement D expressed

in the globar system" The compati-bitity conditions at the
joínt can be expressed as fol-lov¡s:

For any meml:er K whose B end frames int,o joint I,

usA = 
"*t 

o, (s .2)

and

rAr = **t o" (s .3)

where c

fHK- = rotation transformation matrix which converts the

displacement vector from t,he grobar to the rocal system.

M is a generi-c symbor used to represent the joint at
the opposite end of any member from joint I.

similarly, for any member J whose A end frames into
joint If

tuo, = " ,to" (s.4)



69

Substituting the compatability equations and

force-displacement equations into the joint equilibrium

equation, ( 4.21) , and for simplicity, dropping the

subscripts, B, from the stiffness matrix and fixed-end-force

vectors:

(s.6)

o,o, = 
"rt 

o,

nJ
-_i- ", 

T r [sK (rJtH ,br-" rto* ) +nrFJ
J=l "

Eq. (5.6) can be re-written

"K o.t, f,r "K _ +Fr = n rå1"* *o*r=f rt,*ro = 
år"r[.sxtt*t 

or-sxt*tlt
tJ

* 
_t-H , [t-, t**rt * ,to, -T JsKH ,to*lJ=l" J

(5.5)

(s.7)

tol
KKI

where:

Þ- is the joint force vector at joint I. It is a forceI

vector which includ.es the external load at joint I and the

negatives of the fixed-end-forces for all members framing

into joint I.

Equilibrium Eq. (5.7) relates the external load at
joint I to the displ-acements of at least two joints in the

structure. One such equilibrium equation is written at each

joint in the structure. The resulting set of equations can

be expressed in the form:

P=KD's (s.B)
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where:

P = vector

structure.
of joint forces for all joints in the

K _ = structure stiffness matrix, which is assembledS

from the member stiffness matrices transformed to the gtobal

system as in Eq. (5.7) . K" relaLes joint forces and the

resurting joint displacements for arr joints in the

structure.

D = vector of all unknov¡n joint displacement

components.

Eqs. (5.8) can be sorved for the joint displacernents of
the structure. The resurting joint displacements can then be

substituted into the force-displacement equations, Eq"

(4.21), to determine the member end forces.

5.3 Non'f,inear, StructuraL Ànalysis procedure

Non-linear structural- anarysis procedures are generalry

iterative in nature. Thel' generally involve linearizing t,he

load-displacement characteristics of the structure over

finite loading Íncrements. Non-linear anarysis methods can

be classÌfied as "successive correction methods" and

"successive approximation methods" .

The successive correction methods, of which the

Newton-Raphson approach is the most widely used, involve
applying proportional increments of roading, and performing

a linear analysis for each loading increment. proportional



increments of load are

7T

applied and a linear analysis is
performed for each increment to determine the incremental

displacements and internar forces. cumurative joint,

displacements and member end forces are calculated by

accumulating the appropriate incremental values.

IncrementaL analysis proceclures permit the tracing of
'bhe approximate load-displacement behaviour of the structure
over the loading range considered. However, it is usuar in
most practical analysis problems to require only the final
structural- deflections and internal forces.

Furthermore, incremental- analysis procedures require
the storing of both incremental and cumulat,ive displacements

and internal- forces. In addition, it is necessary to
calcuraÈe the remaining loads to be applied after each

loading increment. To avoid these disadvantages, the

following successive approximation method was developed for
this study.

To describe the method, consider a structure whose

connections have non-linear moment-rotation characteristics"
The moment-rotation function for a typical connection is
iLlust.rated in Fig. 5.2, and has the form

O = g(M) (s.9)

where g (M) is a non-linear function of the moment acting on

the connection.

The analysis procedure is begun by replacing the
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non-linear moment-rotation function

considered, by a linear relationship of

for

the

73

the connection

form:

o= qM (s .10)

The moment-rotation relationships for alL other

connections considered in the structure are similarly
linearized. As iLlustrated in Fig. s.2 , Ee" (5.10)

describes the initial tangent to the M-O curve.

corresponding to the linearized M-ó relatíonships for
the connections at the ends of a given member AB, the member

force-displacement relationships can be written:

RB = S rK (u BA-Tt,, ou) 
*O IO, (s .11)

where:

-FSt K.rU *iO, are the modified stiffness matrix and the

B-end fixed-end-force vector corresponding to the assumed,

connecti-on fLexibil-ities .

Assuming member force-displacement relationships as

gíven by Eq. (5.11) , a. linear analysis is performed and the

member end forces are calculated. The corresponding

connect.ion rotat.ion is

or = cr*l. G.12)

However, the rotaÈion calculated from the correct non-linear
reÌationship of Eq. (5.9), is:

0l= s (rl, ) (s.13)
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where

(s.rs)

as il-lustrated in Fig, 5 .2.

Eq. (5.14) and similar relationships for aIl other

connections are then used to calculate the new member force
dispracement relationships and a second linear analysis is
performed.

A new moment, M 2, is found to occur at the typical
connection and the corresponding connection rotation, as

shown in Fig" 5.2, is

A bet.ter approximation to the connection

function is thus seen to be

0 = C2ì'Í

rfi=CMf2 2 2

Again the connection rotation as

non-l-inear relationship is:

0,
^l_-z-M-

I

moment-rotation

(5 .14)

(s.16)

calculated from the

(s.u)0,= s(url

Hence, a third
better approximations

the connection, is

linear relationship, which will lead

to the correct moment and rotation

t,o

at

o = "r* (5 .18)
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\,vhere
c3= Qi/v, (s .19 )

The above procedure is repeated until-, as illustrated

in Fig. 5"2 , the rotation at each connection, calcuLated

from the Linear relationship for the current cycle, is
sufficiently close to t,hat given by the appropriate

non-l-inear relationship of the form of Eq. 5.9.

Assuming convergence of the procedure after n cycles of

iteratÌon, the final moment and rotation at the typical
connection would thus be M' u.d ôrr, as il-lustrated in Fig"

5 "2.
The rate of convergence of the above procedure can be

increased by enploying an "under correction" in each cycle,

as il-lustrated in Fig. 5.3.

The figure illustrates the i th modification of the

flexibil-ity, for a typical connection. The "under

correction" Ìs accomplished by arbitrarily using only one

half of the difference between 0l and qr, rather than the

total difference, when modifying the connection flexibility"
Thus the flexibilit.y to be used in the i+1st cycle is

c
2t{..

]-

(5.20)i+1
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CHAPTER VI

A}TALYSTS PROCESS

In thÍs chapter, the speci-ficatíon of acceptable

loadÍng arrangements and connection types is outlined. The

major steps in the analysis procedure are described.

6. 1 Def inition of ProbJ-em

Ìrrhile the analysis procedure outlined in this study is
applicabre to any type of structure, it has been i-mplemented

in a form that is applicable t,o planar structures only. The

members of the structure can be pin connected, rj-gidly
connected, or joined together by connectj-ons with any

desired flexibility characteristics

The structure loading may consist of any number of
concentrated joint loads, concentrated member Loads r or
uniformly distributed member loads. Because of the

non-linearity of the moment-rotation characteristics of t,he

connections, t,he principle of superposition cannot be used

to combine the results of one analysis with those of
another " Therefore, the structure must be analyzed

separately for each loading system.

77



78

For each flexible connection type used, the associated

size parameters must, be specified. These size parameters

a1low the analysis program t,o generate the moment-rotation

relationship for the connection. The permissible connection

types and required size parameters are li'sted in Appendix D.

6.2 Anal-ysis Proceclure

The analysis procedure, in general-, consists of
initiarization, followed by repeated cycles of the following
steps:

(a) Linear analysis

(b) tests for termination

(c) modification of the connection flexibility
characteristics

For frames with only pinned and rigid connections, the

iterative procedure Ís not required, and the solution is
obtained from the first linear analysis

The steps of the analysis procedure are described with
reference to the flow diagram in Àppendix C. A userrs

manual for the program is included as Appendix D.

6.2.1 Initialization

The init,ialízat,ion consists of specifying the

characteristics of the structure and then setting to zero

all- loads and member end forces.

The characteristics of the strucÈure are described by
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means of a mem]¡er incidence table which establ-ishes the

topology, a table of joint coordinates which establ-íshes the

geometryr änd. a table of memÏ:er cross section properties 
"

The member end connection types must also be specified along

with any necessary size parameters.

Un1ess otherwise specified, the modulus of elasticity
is taken as 30r000 k.s"i. ALI Loads are in kips and

dimensions are in feet, except for member cross section
properties and connection param.eters which are expressed in
units of inches.

If no connectj-on type is specifiecl, the connection

assumed Lo k¡e rigid"
l_s

6.2.2 Linear Analysis

The stiffness method previously discussed is used to

perform the linear analysis" The program employs an in-core
Gaussian elimination, variable band width equation solver.
Because of symmetry of the structure stiffness matrix, only

the elements above the main diagonal are stored. The

non-zero k¡and is stored as a series of 3 x 3 submatrices.

The structure stiffness matrix is generated one row at a

time r arrd Èhe previously generated ro\,vs are used in
performing the elimination on the current row, before

proceeding to the generation of the next ro\,v.

Each member stiffness matrix, which incorporates the

effects of flexibre connections at, t,he ends of the member is



regenerated each t,i.rne

f i-xed-end-forces ar:e also

characteristics and must be

analysis.

BO

it is used" The member

dependent on the connection

recal-culated for each l-inear

6.2"3 Termination Criteria
lThe primary c.riterion for the termination of the

anarysis is the convergence of the iterative procedure t,o

the suitable connection frexibility values. convergence is
:Lndícated when the rotation for each connection, as obtained

from 'the linear analysis, is approximately equa] to the

rotatíon for that connection, as calculated from the

non-Linear moment-rotation function. I{hen this condition has

been achieved, each connection has undergone the appropriate

deformation corresponding to the applied end moment.

For frames with very flexibl_e connections and high

loading, it is possibre that the iterative procedure wilr
not convergie on a value of connection flexibility. rn this
event, the connection end moments obtained from the first,
l-inear analysis exceed the maximum capacity of the

connection by a considerable amount as illustrated for a

typical connection sholn in Fig. 6.1 . rncreasing the

connection flexibiJ-ity reduces the moment carried by the

connection and redistributes the moment to other connections

and other points in Lhe structure. The other connections,

however, have already exceeded their maximum capacity and
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hence the anatysis procedure wil-1 fail to converge.

Therefore, a counter has been incorporated in the program

and the analysis is automatically terminated with an

appropriate message after m cycles of iteratj-on.

6,2. 4 Conlrection Flexibility Modification

After each analysis, the assumed flexibility of each

connection is modified if the connection rotation predicted

by 'bhe l-inear analysis differs from that predicted by the

non-linear moment-rotation curve by more than an acceptabre

amount. The flexibility modification procedure has been

descri-bed in Sec" 5"3"

6..2 .5 Program Output

The program output consists of a detailed Iisting of
the following items:

(a) all program input (for checking purposes)

(b) final connection fl-exibil-ities
(c) joint displacements

(d) member end forces

(e) joint support reactions

(f) vol-umn an<l total weight of steel in structure
The rotation and defl-ections of each joint, and the

joint support reactions are expressecl in the global

coordinate system, while the forces (axiaI, shear, and

bending moment) at both ends of the member are expressed in
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the l-ocal coordinate system.



CHAPTER VTI

APPLTCATIONS OF THE ANALYSTS PROCESS

7.1 Introduction

In this chapter, several examples are pïesented to
íllustrate the analysis process. For the sake of
simplicity, only selected results are presented and

discussed, and these are il.lustrated by means of defl-ection
and bending moment diagrams. Examples have been chosen which

best demonstrate the effect.s of connection deformations, and

the capabilities of the analysis program.

In all examples, loads and forces are expressed in
kips, and moments are in inch-kips. Linear dispracement and

distortion components are expressed in inches, and

rotational displacements and distortions are expressed in
radians.

7.2 Effect of Connection Deformations on Displ-acements and

Internal Forces

Irlhile the connections in
represent a small- percentage of the

they have a high labour content,

a struct,ure generally

total- materiaL weight,,

and consequently, often
84
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represent a substantial

cost.

percentage of the total framing

Furthermorer the deformations that occur in structural
steeI. framing connections may be responsibre for the major

proportion of the displacements of the structure, and may

have a very strong influence on the internar force
distribution.

It is highly desirabl-e to know the ef fects of
connection deformations so that:

(a) connection types that would lead to unacceptably

large deflections oï undesirable int,ernal- force
distributions can be replaced by more suitable connectj-on

types.

(b) where possible, expensj-ve connect,ion types can be

replaced by Iess expensíve (probably more flexible) types

without adverse effect,s on the strucLurar behaviour.

severar examples have been incLuded to irlustrate the

effects of connection deformation on structuraL behaviour.

AlL of the connection types used in the ilrustrative
examples are il-l-ustrated in Figs. 2.2 to 2.8 incrusive.

Example 1

The first exampre involves the analysis of a 1 5 storel',
3-bay frame with lateral- wind roading applied at each floor
levelr âs ilLustrated in Fig. 7.1. To determine the effect
of connection deformation on the lateral defrecLion of the
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structure, it !^¿as f irst analyzed with all connections

assumed to be completely rigid. The identical frame was

subsequently analyzed with the rigid beam-column connections

replaced by the following connection types in turn:
(a) connections with numerically specified flexibility

characteristics
(b) T-stub connections

(c) top and seat angle connections

The connection flexibiLities specified in (a)

corresponded to relatively rigid connections that would

likely be used in a tal-I frame of this type. The T-st,ub

connections consisted of two structural tees (sr 12 l^lF 47).

Two 5x5x34- 14 inch angles were used for Èhe top and .seat

angle connections. The fasteners used were 7g inch diameLer

H.T. bolts.

The lateral- defLections for each of the four struct,ures

are plotted in Fig. 7 "2" In Table 7-1, the lateral
defl-ections at the sth, 10th, and 1sth floor Ievels are

l-isted and also exp::esse<1 in terms of percentages of the

corresponding deflections for the rigidly connected

structure. This example il-lustrates that connection

deformation contributes very substantiaJ-]y to overarl
defor¡ration of a structure. rt can be seen from the tabLe

that top and seat angle connections have contributed to an

increase of approximately 1 00% of that for the frame with
rigid connectj-ons.



CONNECTION

TYPE

Lateral- Deflection

Rigid

Specifled

T-Stub

Top and Seat

Deflectíon

5.058

7.380

B. 196

9 .985

15rh

LEVEL

% of. rígíd

1,00z

r467"

162%

1987"

Defl-ection

4.375

6.370

7 .266

8.593

10rh

LEVEL

7" of. rigÍ-d

1,007.

I467.

L66%

L97%

Def l-ection

2 "757

4.004

4.8I7

4.566

5rh

LEVEL

7. of rLgid

L007.

1.46%

17s7"

1667"

æ
co
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A - Rigid Connections
B - Specified Flexibilities
C - T-Stub Connections
D - lbp ond Seot Angle

Connections

LATERAL DEFLECTION PLOT OF 15 STOREY FRAME

FtG.7.2
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Example 2

As a second il-Lustration of the i-nfluence of connection

deformation, a skewed Vierendeel truss was analyzed for the

verticaL loading shown in Fig" 7.3" The connections of the

verticaL members to the chords were assumed to be rigid for
an initial analysis, and were replaced by each of the

foll-owing progressively more flexible connection types in
turn:

(a) T-stub connections

(b) end plate connections with no stiffeners
(c) top and seat angle connections

(d) doubl-e web angle connections

For the T-stub connections trvo ST 12 WF 47 were used"

The end plates used for connection type (b) were 16x6xlz inch

prates welded to the ends of the vertical struts and borted

to the top and bottom chords of the truss. The top and seat

angle connections consisted of two 4x4xl - 1 4 inch angles

Two 3r-rx3L-#3, inch angles were used for the double web angle

connections. Four lines of inch diameter H.T. bolts \4rere

used on either side of the strut web for both the double web

angle and the end plate connections.

Fig. 7.4 is a plot of the bottom chord deflections
obtained in the four analyses. It can be seen that there is
an increase in the deflection of t,he structure as the strut
connections become progressively more fl-exible. Tab1e 7-2

compares the bottom chord deflection for the rigidly
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TabLe 7-2 Bottom Chord DefLection

CONNECTION

TYPE

Rigid

T-Stub

End Plate

Top and Seat

Double l^leb

Deflection

JOINT

1

.479

.813

I.297

r.734

3 .089

% of. r|g|d

100"/.

L70"1

249%

362%

6477!

Def l-ection

JOINT

2

.682

1.160

1 .833

2.454

4.337

% of rigid

r00%

170%

2697"

3607"

63s%

Deflection

JOINT

3

.479

" 813

L.29I

r.734

3.089

7. of. rLgid

r007"

1701l

249%

362%

647%

\o
N
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connected structure with that obtained with each of the

other connection types. This example demonstrates again that
connection deformation accounts for a high percentage of
overall frame displacement.

Exampl-d 3

To illustrate the infruence of connection flexibility
on the distrÍbution of internal moments, and, to compare the

f]exibil-ities^ of various commonly used connection types r ân

unsymmetrical 2-bay frame was analyzed for the loading shown

in Fig. 7.5. For this example the following connection

types \,vere used:

(a) rigid connections

(b) f-sÈub connections

(c) top and seat angle connections

(d) header plate connections

(e) double web angle connections

(f) single web angle connections

The structural- tees used for t,he T-stub connections

were sr 12 hIF 47. For the top and seat angle connections,

2 ' 4x4x!¿ angles' were used. The header pJ-ates were 11%x5x3g-14

inch plates welded, to the ends of the 1 6 inch beams, and,

9!x5x3, inch prates wel-ded to the ends of t,he 1q inch beam.

The double web angle connections employed Z - 31-2x.31ax3, inch

angles. A single 3>¡3rax3rang]e was used for the single rveb

angle connections. The double web angles and single web
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Table 7-3 ComParison of ConnectÍon Flexibil-itles and End Moments

Rigid

T-Srub

Top and Seat Angle

Double LrIeb Angle

Header Plate

Síng1e Inieb Angle

CONNECTION

TYPE

FLEXIBILITY

0

.000002 75

.00001 123

.00002878

.00003 764

.00004656

MOMENT

t47 .711

97 .727

50.60 I

26.584

2I.599

18.132

Z OF RIGTD

MOMENT

r007"

677"

3s%

TB%

r4z

127"

\o
Clì
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?2"246

38. r36
t9.88 r -o-9///.L

trl 62.987

.o
n(o

o

Ul'Ð
úro

-(¡ 93.589

BENDING MOMENT DIAGRAM FOR
FRAME RIGID CONNECTIONS

t7.792

2 STOREY 2 BAY

FlG. 7.6

42.804
23.725

82.250
qt
n
Gi il3.O59

BENDING MOMENT DIAGRAful FOR
FRAME T-STUB CONNECTIONS

d
9o

to

3
(o

20.o89

2 STOREY 2 BAY

t45.496

5z.OtO

94.956

FIG . 7.7
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47.3tO

9B

34.261
t9"386

BENDING MOMENT
FRAME TOP AND

Iv t38.647

DIAGRAM FOR ? STOREY 2 EAY
SEAT ANGLE CONNECTIONS

Þ
cp q^I(Jl t09.290

F lG. 7.9

t8"o54 t9.464
t0.645

Þolo t30.977 Þ
(0

t60.969

BENDING MOMENT DIAGRAM FOR ? STOREY 2 BAY
FRAME HEADER PLATE CONNECTIONS

F'lG. 7.9

o/\
,\'

65.434
I 9.994
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angles were 14% inches in length for the 16 inch beam, and

11Lz inches for the 1 4 inch beam. Three lines of inch
diameter H.T. borts \^/ere used for the 11\ inch angles and

header plates, and four lines of bol-ts were useci for the 1qZ

inch angles and plates.

Bending moment diagrarns for the frame have been plott,ed
in Fíg " 7.6 to Fig. 7.11. Examination of the frame bending

moment diagrams reveals t,hat the connection type has a

marked effect on the distribution of inÈernar moments.

Table 7-3 compares the flexibil-ities and the end moments at
joint A of the 22u member AB shov¿n in Fig. 7.s, for the
different types of connections. The Labul-ated flexibilities
are the inverse slopes of the linearized M-6 relatj_onshÍps

used in the final- linear analysis. That is the M- ó lines
that intersect the non-linear M-0 curve at very nearly the
correct moment and rotation. The end moments are also
expressed as a percentage of the rigid frame end moments.

7 "3 Accuracy of Successive Approximation Method

The basic premise of the successive approximation
procedure developed and emproyed in this study, is that the
correct deflections and internal forces for a structure with
non-linear connections can be obtained from a single linear
analysis, provided the correct flexibility is assumed for
each connection.

To illustrate, assume that the moment-rotation curve

for a typicar connection in a structure is as shown in Fig.
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7.12. Assume further thaÈ, for a given loading, the correct
moment and rotation at the connection are Þlt and 0 f
respectively. The appropriate connection flexibility (the

connection flexibility that woul-d yield the correct results
for the loading considered), is thus C, the inverse slope of
line OA in t,he fígure.

Furthermore, if flexibility C happens to be assumed. for
the connection under consideration, and if appropriate

flexibilities happen to be similarly assumed for all other

connections in the structure, a single linear analysis will
yield the correct final forces and deflections for the

non-linear structure.

The successive approximation method thus involves

repeated cycJ-es of an iterative procedure, whose purpose is
to determine appropriate frexibilities for the various

connêctions in a structure. When the appropriate

flexibilities have been determined with sufficient accuracy,

they are employed in a linear analysi-s to calcul_ate the

correct structural displacements and forces.

Trvo examples \,úere employed to illustrate the va1idity
of the procedure and to give an indication of its accuracy.

Example 1

The first of these examples involved the analysis of
the fixed-ended beam shown in Fig. 7.13(a), loaded by t,he 40

kip load shown. To permit a relatively simple check of the

results, the beam end connections were assumed to have
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rigid-perfectly plastic moment rotation characteristicsr âs

ilLustrated by the moment-rotation curves in Fig" 7.13(b)"

The structure was first analyzed by hand computation,

applying the loading in three increments. The structure
behaved linearly over each i-ncrement. ïÈ was initially
treated as a fixed-end beam, and. the r-oad required to
produce a moment of 1 000 in kips at connections A,

carculated. The corresponding momenL at connection B was

aLso calculated.

Because connection A had become perfectly plasti_c, the
structure was analyzèd as a propped cantil-ever, pinned at
connection A, for the second loading increment. The loading
required to increase the totar moment at connection R was

calculated, along with the rotation produced at connecÈj_on

.4.

Finally, because both connections had become perfectly
pJ-astic, the strucÈure was analyzed as a simply supported

beam, for the remainder of the 40 kip load. The rotations
at both connections A and B were calculated for this final
loading

The total- moments and rotations at the connection were

then obtained by summing the results for the three loading
increments. The pertinent quantities are ilrustrated in
rig. 7 .14.

Because the analysis program is not able to accomodate
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Pt = 22,5 K
105

És- o MB= 5oo" K

M' = looo" K
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PZ= 11.25 K
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LOADING EASE 2
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ó = 34,722,A 
ET

6 = 27,777.6,B 
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LOADING EASE 3
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EI

(Ml -MB) =

50CI" K
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the idealized,

l_06

rigid-perfectly plastic connection

characteristics assu¡red in this example, "appropriate,'
connection flexibilitlz values were cal-culated by dividing
the above calculated connectíon rotations by the
corresponding connection moments. These flexibility values

vüere then input,, and the analysis program used to cal-cuLate

the beam end forces

As can be seem from Table 7-4, the two analyses yielded
identical results.

The connect,ion properties assumed in the preceeding

example are a speciar case of those ilrustrated in Fig. 7.1s
(a) and (b). Hence, the incremental (successive correction)
anarysis procedure, for v¿hich the struct,ure is piecewise

linearized over finite loading increments, courd be used to
verify the validity of the successive approximation
procedure for structures whose connections have the
characteristics ill-ustrated.

rn addition, the moment-rotation diagram irlustrated in
Fig. 7.15 (c) is a generalization of that shown in Fig.
7.15 (b), where t,he former diagram is assumed to have an

infinite number of infinitesirnal segments. Hence, the
validity of the successive approximation procedure can be

verified for a structure with continuously non-linear
connections.

Examp]e 2

To further illustrate the successive approximation
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procedure, and compare it, with a successive correction
procedure, the frame shov¡n in Fig. 7.16 was analyzed by both
methods. The beam to column connections for the frame \.^/ere

double web angle connections, as illustrated in Fig. 7.17,
employÍng 3h x32x9sinch angJ-es with 6 -Teinch diameter H.T"

borts per angle ]eg. The moment-rotation curve for the
connection is also shown in the figure.

For the successive correctj-on procedure, the connection

moment'-rotation curves were piecewise linearized over three
intervals, as illustrated in Fig. 7 "17. The analysis
procedure then involved applying successive loading
increments of such magnitude that each increment was

Lerminated when the moment at one of the connecti-ons reached

the end of one of the linear segments.

The entire load was applied initialry, and a linear
analysis performed, A load factor was then calcul-ated for
each connection and the minimum value retained. The load

factor for a given connection was assumed to be the ratio of
Lhe load required to increase the moment at the connection
to the 1imÌÈ of the current rinear segment,, to the total
applied load

The member end forces, joint dispì_acements

reactions were then multiplied by the minimum

and the factored values retained. The iniÈiaI
then decremented by the product of the initial-
the minimum load factor.

and support

load factor

loading lvas

Ioading and



Table 7-4 Results of Fixed Beem Anal_ysis

LOADING
CASE

I

2

3

P

22.5 K

11 .25 K

6.25 K

TOTAI,S

M.
A

For Eï = 7212251800

Therefore:

40 .00K

t000 in.k

1000 in.k

M-
l)

Flexibility A end = # = .000001

Flexíbility B end = # = .0000633

500 in.k

500 in "k

Program analysís results:

For CA = .000001 ; CB = .0000038

MO = 1000 in.kips \ = 1000 in.kips

1000 in.k

0A =.001

óA

37 ,503. B/Er

34,722.0/Er

72,225. B/EI

0B

27,777.6lET

0-l) = .00038

27 ,777 .6/ET

Fo
@
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FIG" 7.15 (o ) ELASTIC PERFECTLY PLASTIC
N4 - ó BEHAVTOUR

FIG" 7.I5( b ) ELASTIC - PLASTIC
HARDENTNG M - é

WITH STRAIN
BEHAVIOUR

) CONTINUOUSLY NON - LINEAR
M - ó BEHAVTOUR

FlG. 7.15 (c
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This reduced loading was t,hen applied and a second

linear analysis performed. Load factors were again

cal-culated for al-1 connections, and the minimum load f actor
retained" New factored member end forces, etc. were again

calculated and added to t,he previous values, and the load

was again decremented using the minimum l_oad factor.
The procedure was repeated until the total loading had

been appliedo and the cumurative structural quanÈities

retained 
"

Tabre 7-5 shows the loading Èhat remained to be appried

at the beginning of each of the seven loading increments

that . vrere used. The connecLion frexibirities, which

correspond to the inverse slope of the segments of the

piecewise linearized moment-rotation curve, are al-so

tabulated. I

, The results of each Linear anallzsis are given in Table

7'6 along with the cumulative end moments for t,he three

beams in the sÈructure. The structure was anaJ-yzed by the

computer program developed in this study and the resulting
beam end moments obtained from the latter anarysis are al-so

included in Tab1e 7-6"

ïn general, the resurts obtained by the successive

correction procedure and successive approximation procedure

were in cl-ose . agireement. To complete the successive

correction procedure iL v¡as necessary to cal-culate al_l load

factors, loading increments, cumulative total-s, and nerv



Tabl-e 7-5 Variation of Loa

Load

Increment
1

2

3
4
5
6

7

Vertical
Load

Remainino
1 .5600
r.0778
I .07 48

.6558

.6065

.6006

. 1013

LOADING
HorÍzontal

Load
Remaininø

and Connection Flexibil_it

.2000

.T382

. i378

.0841

.0778

.0770

. 0130

o/

Total
I007.

697!
68.8%

42"Á

38.B%
38.5%
6.5"Á

.0000 1s00
do

A enrl
Member 5

do
do
do
do
do

CONNECTION FLEXTBTLITY

.00001s00

.00004750
do
do

.0001 3250
do
do

B end
.0000 1s00

do
do
do
do
do
do

A e,nd
Member 6

.00001500
do

.00004750
do
do

.000 I 3250
do

R oná

.0000 1500
do
do
do
do
do
do

Member 7)
. 0000 1 500

do
do

. 00004 7s0
do
do

.000 13250

ts
ts
UJ



Tabl-e 7-6 Beam End Moments B

Analysis

I
Analysis

2

Analysis

3

Results
ol

Cúmulati

Analysis

4

Results
o/

Successive Corrections and Successíve A

Cumulation

A END

on

Analysis

5

Results
/"

MEMBER 5

22.7400
7.0285

Cumulation

Analysis

6

Results
o/

7.O2Bs

Cumulation

L.2600
.0035

Analysis

7

-21.8280
-8.5104

7 .0230

Results
/"

B END

-647 "0759
-200.0000

Uumu,Lâti Õn

-L.47 84

Results
o/

-28.3440
-2.L304

-200.0000
-275.8079

-.600s

L;llmrl lâl-'ì ôñ

-3.6088
-32.2200

-.3rs4

Results
7.

-200.6005

Iteration

Cumulation

-227.1s99
-88.5662

A END

-? q)\)
-40.3920
-33.5762

-289.1667

305.8318
94.5273

MEMBER 6

-r44.1320
-10.8333

-37.5014

94 .527 3

-300 .0000

-9 .3480
-9.3480

52.4400
^1459

xirnations

-56 . 86 B0

-.5566

-46.8494

94.6732

-300.5s66

40.5360
15.8044

B END

-4s.9480

-642 "8640
-198.6981

-5 B. 09 20
-48.2895

Lro .477 6

-348 -8L61

-198.6981

9.9600
.7 486

-467.9L58
-1-3019

-10. 1BB0

-10 . 1 880

11

-3s9 .034 1

-200.0000

-44.6280
-.4368

L.2262

-225.3120
-87 "8457

-366.5640

I 10 - 7894

A END

-s0.4720
-4r.95s3

-287.84s7

314.2080
97 "1762

MEMBER 7

-I43.8440
-i0. B1 16

68- 8i41

97 .7162

-1 1.3160
-i 1. 3160

-298.6s7 3

204.6000
-569i

-L37 .1840
-7.3427

57.5181

97 .68ss

-300 - 0000

37 .5240
14.6300

B END

-311.8198
-96.378r

75.7440

-57.9480
-48.1968

1 i2 .3 1s5

-348.1698

-96.378r

10. 7 160
.8054

-237 .0840
-.6s96

-70.2240
-10.2240

LL3.2209

-358.3938

-97 .0377
-264.0840
-r02.9623

2.2680
.0222

-366.6479

1 1 ?. ') /,1.1

-52.7 040
-43. 8107

20n onnn

-107.1840
-8.0562

69.4324
-1 1 . 3400
-1 1. 3400

-208.0562
-104.2800

-I.0206

58.0924

-209 -O

-i09.3800
-90.9232

76.9080

7

-300 - 0000

68

-9. BB00
-9. BB00

-309. BB00

-310. 1 880

H
ts
¡Þ
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fLexibilities by hand. Discrepancies between the Lwo

procedures can be attributed to error in these caLculations.

AdditionaL error r,ras also introduced by the crude

approximation of the non-linear moment-rotation curve by

only three linear secants. More accurate results woul_d have

been obtained for the successive correction analysis had

smal-Ier intervals been used. -



CHAPTER VIII

CONCLUSTONS AND SUGGESTTONS FOR FURTHER STUDY

8" 1 Conclusions

rn this study, the experimentar force-deformation
information for the most commonly used st,ructuraL steel-

framing connection types has h¡een summarized. These

experimental- data which are in the form of moment-rotation

curves, have been standardized to minimize the amount of
connection information that must be stored in a structural-
analysis computer program.

A procedure has been outrined for incorporating the

effects of fl-exible connections into a frame analysis
program. The procedure j-nvolves modifying the stiffness
matrix and the fixed-end-force vectors fo:: any member to
account for the effects of Lhe connections at its ends.

Because of the non-linear nature of the

force-deformation rel-ationships for the majority of
connection types encountered, an j-terative procedure has

been developed which involves repeated modifications to the

assumed connecLion fl-exibilities untir the structure
satisfies equilibrium, compatabirity, and non-Linear
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connect.ion moment-rotatíon relationships.
A structural- analysis computer program has been

developed which is capable of anaÌysing plane frames with
any combination of rigid connections, pinned connections,

any of seven conìmon connection types t or connections with
any specified bending f1exibility..

Several examples have been included to illustrate that
connection deformation may contribute to a significant
percentage of overall structurar displacement and may arso

substantially affect the internaf force distribution in a

structure. The iterative procedure has been compared with a

piecewise linearization procedure for non-Linear analysis 
"

The results agreed very closely.

8.2 Suggestions For Further Stgdy

The objectives of further investigation shourd be to
suppl-ement and extend the avail-abre connectj-on test data,

and to extend the capabilities of the analysis process,

Most of the available connection moment-rotation curves

have been incorporatecl into this study. However, much of
the information is for the now outdated riveted connecti.ons.

Additional test data for high strength borted connections

shoutd be oht,ained and incorporated into the anarysis

program. since much of the available connection test data

were obtained in the nineteen-thirties it wourd be desirable
to verify them using the more accurate testing equipment now
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available.

Because of an increased use of new structural shapes

such as hol]ov¿ structurar sections, it would be useful to
incorporate connection data for these shapes into the
analysis program. There are also several other conventional
connection typ.= (8,9, 10, 11, 17,'aùrr.a courd be incr_uded in
the analysis program when there is sufficient test data. The

deformation of ]:eam and column spl j-ces, and, corumn bases

shoul-d be incl-uded to provide a morê complete picture of
frame displacement caused by connection deformation.

rn this study, onry a single connection force component

(moment) and the corresponding deformation component

(rotation) have been considered. However, the analysis
procedure could be extended to include the effects of shear
and axial load on each connection.

AL the present time, the analysis program is capabre of
treating only staticalry l-oadecl structures. rt would be

highly desirable to extend the analysis procedure to
dynamically loaded structures.

rt wourd be of considerable practical varue to adapt

the analysis process developed in this study to a general

structural- steel floor system. The floor system courd be

analy2sfl as a planar grid of members connected by flexible
connections, and loaded normal- to the plane of the grid.
The analysis program courd then be combined with a member

selection program t,o produce a computer program capable of
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designing steel floor systems.
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APPENDTX A

This appendix contains moment-rotation curves for the

following connection types t

a) double web angle connections

b) single web angle connectj-ons

c) header plate connections

d) top and seat angle connections

e) welded top plate connections

f) end plate connections with col_umn stiffeners
g) end plate connections without col_umn stiffeners
h) T-stub connections"

The test numbers refer to Èhe actuar experimental test
number " The foJ-lovri-ng is a summary of the pertinent
parameters for the above connection types:

l-24



GageRows

så
så
rlJ2
5L
5,
så
sL
sl

Fastener
Diameter

TABLE A- 1 DOUBLE I,iIEB ÄNGLE CONNECTIONS

3
4
5
6
1

B

9
10

si
så
5-10*
trLJz
5-10*
trlJ2
5-10*

Web Angle
Si ze

3
4
J
4
3
4
3
4
5
l+

4
3
4

h

1

2
3
3
3
5
5

4x3àx3xBl
4x3tzxflx1il
¿l^3åxlx1a[
4x3åxtx17rz
4x3åx3x20å
4x 3| xflx2312
4x 3å x3x26L
4x3åx 2x29\

4i
4t
så
sL

c
¡+

3
+
J
4
J
4
3
4
J
l+

3

CoIumn
Size

J
4
5
6

F
N
ul

6x4xå"2L
6x4x!x6
6x 6xl x6
¿tx¡äx3xg
6x6xEx9
4x3lx3x1-3
6x6xlx1-3

OWF49
2I,¡F6 5
2WF6 5
2!vF6 5
2WF65
zwF'65
2WF6 5
2WF65

J
l+

3
4
J
4
5
4

Beam
Si ze

1

1

1

1

1

1

1

1

9xlx10 pI.
9 xlxl-0 Pl"
11flxlx1-1 pI.
9x\xl-4 Pl.
13xåx1-4 P1"
9 xî,x2 PI.
1 3xÍx2 P1.

12w827
18wF50
21wF55
21wF55
2 4wF6 I
27VtEB4
33wF1 1 I
36I,ilF'1?5

3i x3xfl x9
3f x3x 1x12
4x3x8li-¡
4x3x!x1-8

Iest
No.

Investigator

1

2
3
4
5
6
7
R

Munse, Lewitt
Chesson

611 2 .5
BI1B"4
Br1B.4
12131.8
12r31.8
1 8r54. 7
1 Brs4.7

1 4VfF3 B

1 4WF3 B

1 4WF3 B

14r.üF3B

1

2
3
4
5
6
7

* 2 rows of bolts

1 BWF4 5
1BwF45
24vtÊ7 6
24wF'7 6

J. C" Rathbun

21
22
23
24

H. S. Somner



Investigator

TABLE A-2 STNGLE VIEB

S. L. Lipson

Test
No.

BB4- 1

c4
D4
AA2- i
AA3- 1

AA4- 1

AA5- 1

AÀ6- 1

Beam
Size

ANGLE CONNECTIONS

21vtE62
21vtv62
21V,IF62
21vrP62
21vrF62
21trv62
21vrF62
21wF62

Column
Size

f, pr"
i pr"
Í pr"
I pr.
i pr.
i pr.
,i pr"
i pl"

Vieb Ang1e
Si ze

4:zL x f u-13å
3å* sx f .-13å
3åxIx f .-.t3å
4 x3å xL -7L
4x3L'å-loà
4x3àxi -r ¡à
4x3àxl--løL
4x3àxi -lgå

Fastener
Diameter

Rows

5
4
3
4

4

+
J
4

.4
3
k
J
¿+

Gage

4
4
4
2
3
4
5
6

^9¿r6
.15l16

ô
l16

o
¿r6

ô
¿r6
^9¿16

ô
¿t6

o
¿t6

F
N
Oì



Investigator

H. S" Somner

TABLE A-3 HEADER PLATE CONNECTIONS

Test
No.

Beam
Si ze

5
6
7
B

9
10
11
12
13
14
15
16
17
1B
19
20

1BV,IF45
24vtF7 6
24î,t87 6
24vtF7 6
24vtF7 6
1 BI^IF4 5
1 BWF4 5
24wF7 6
24Í¡IP7 6
24\tE7 6
24v:tF7 6
24vtE7 6
24vtF7 6
24VtE7 6
24ÍñI.7 6
24vrE7 6

Column
Si ze

1 4I^lF3 B

1 4WF3 B

1 4vüF3 B

1 4!,IF3 B

1 4I,VF3 B
1 4v'7F3I
1 4WF3B
1 4WF3B
14I^üF3B
i 4wF3B
1 4I{F3 B

14wF3B
1 4WF3 B

1 4wF3 B

1 4WF3B
1 4wF3B

Plate
Size

15x6xl
9x6xf
12x6x I
15x6x I
18x6 x I
9x6x t
1 2x6 xl
15x6x!
9x6x !
12x6xl
1sx7lx!
1Bx7|x!
12x7 r2xru

15x7 Lrx\
12xl rrxl
15x7åxr

Fastener
Diameter

4

4
â

4
a

4

t+

5
4
â

4

4
3
4
J
t+

J
4
J
4
a
t+

J
4
3
4
e

4

Rows Gage

5
3
4
5
6
3
4
5
3
4
5
6
4
5
4
5

4
4
4
4
4
4
4
4
4
4
så
så
så
så
rlJ2
5L

F
t\){



Investigator

C.
H"

Batho,
C. Rowan

Test
No.

TABLE A-4 TOP AND SE.A,T ANGLE CONNECTIONS

1

2
3
4
5
6
7

11
12
16
17

Beam
Size

R. A.
B. G.

1 zRSJô30#
1 2RSJa30#
12RSJa30#
12RSJô30#
1 2RSJa30#
12RSJô30#
1 2RSJa30#
1 2RSJô30#
1 2RSJa30#
1 2RSJô30#
12RS,Tñ?O+

Hechtman
Johnston

Column
Si ze

1 2RSJô 6 5#
1 2RSJa65#
1 2RSJa65#
1 2RSJA65#
1 2RSJA65#
1 2RSJa65#
1 2RSJô65#
1 2RSJA65#
1 2RSJa65#
1 2RSJa65#
1 2RSJA65#

,2
9

10
11
16
17
1B
20
22
23
24
25
26

Top Angle
Si ze

12Ítlg25
1 BWF47
1 BWF4 7
1 8r.rF4 7
12r,1F25
12wF25
1 2!vF5 0
14I^7F34
i 6VùF4 0
1 6lvF4 0
1 BIVF4 7
21vrF59
24vtP7 4

4x4xà x5
4x4xl x5
4x4x1x5
4x4x'lx5
6x6x! x5
6x6xf x 5
6x6x1x5
6x6xlx5
6x6xfx5
6x6xflx5
6x6xlxc

Seat
Si ze

1 0wF4 9
1 2wF6 5
12wF.65
1 4wF58
1 owF49
1OWF49
1owF49
1 2wF65
1 2!,IF6 5
1 4WF5B
1 2ivF6 5
14IVFB7
1 4WFB7

4x4xåx5
4x4x,?x5
4x4x1x5
4X4X1X5
5x5xlx5
6x5xflx5
6x6x1x5
5x6x! x 5
6xGx,? x 5
6x6x! x 5
6x6xåx s

Fastener
Diameter

6X 4Xð X 6i
6x4xåx1 r-0
6x4x,?x1t-O
6x4xlx1g
6x4x Ix6f
6x 4x ]x6fl
6x4xåxB
6x4x8x1'-O
6x4xf x1'-0
6x4x!x10"
6x4x3x1'-gt¡
6x 4x í,x1-2
6x 4x î,x1-2

a

4
3
4
5
4
7
a

þ
c

4
3
h
I

4
3
¡+

4

6x6xlx gf
6x6xf,x 7!
6x 6x!x lt2
6x6x[x ]l
6x 6xå x 6;
6x6å;6,?
6x6xlx g

6x6x3*7i
6x6xlx 7i 

r

sxsxfxTf 
Isxgx[x]! I

stiff ang
stiff ang

( continued)

Vfeb angles

High strength
bolts

d
t+

4
a
t+

5
4
5
4
ö
4
e
l+
2
t+

3
4
5
4
7I
o

o

Ie
Ie

F
t\)
æ



fnvestigator

R. A. Hecht-
man, B. G.
Johnston

J" C. Rathbun

TABLE A-4 TOP AND SEAT ANGLE CONNECTTONS

Test
No.

31
32
35
36
37

B

9
10
11
12

Beam
Size

24vtT120
21wF103
12WF25
1 BvüF4 7
1 BI¡/F4 7
12131.8
12131.8
12t31.8
12131.8
12131.8

Column
Si ze

1 4vüFB 7
1 4!rF8 7
1 0I^/F4 9
1 4v'IF5 B

1 4wF5 B

6x1 x2t -0 Pl.
Bxi x2r-0 Pl_.
14x1x2t-0 pl
9x1x2'0 PI.
14x'lx2tg Pl,

Top Angle
Si ze

6x4xix1
6x4xix1
6x4xtxB
6x4x8x1
6x4x3x1
6x4x3x6
6x4x3 x I
6x4x3 x 1

6x4xE x 9
6x4x3x1

(continued)

Seat
Si ze

-2
-2
I
2

114

1å

r!

stiff angle ',stiff angle Z6x6xåx8l ,,

6x6xBx1îl ß6x6x[x11[ 36x6xlx6 i6x6xflx8 ,i
6x6xlx1-2 i6x6xflx9 ;6x6xE*1'-2 î,

Fastener
Diameter

e_2

2

n e side of coI, web
th sides of

col. web

b
b

angles
angles

l-
l\)
\o



TABIB A-5 WELDED TOp PLATE AND SEAT CONNECTTONS

Seat Size

ST1 3vlF45. 5x 6
ST9I¡JF32x 9
ST1 5!VF5 4x7 12

BxBx[-10
ST1 5WF5 Ax7!
ST1 5WF5 4x7 12

ST15l^¡F54xB!
Bx8x 1-10L
Pl. Tee
P1" Tee
6x3åxl-tO
6xrlx!-o
P1 " Tee
ST 1 5I^IF5 4x7 12

ST1 5IVF5 4x7\
Pl. Tee
10lx5xl pl"
6x 3|x 3* 5 å Pl.
6x3|x!x 9 L'
6x 3|x !x 9 L"
P1" Tee

Top Plate
Si ze

7x Ex9"
6x 8xB
7 L"Z"tz
7 LxZ x12
T trx[ x1Z
T 

rrx! x12
7 lrx 1 x12
I r+x I x1Z
6g3xï6x12
663 xï 6 x1Z
6S3xicx12
6S3xiax12
6s3xåx12
10åxflx15
7 Lx[x12
6 63xlx 1 2
1 oå x5xå
roåxsxå
6xiex11
6xisx4
11xiex6

Column
Si ze

1 2I^IF6 5
12!,IF65
1 2WF65
12t{F65
12wr65
1zvrv65
12vtE65
1 2I,/F6 5
12vi?65
12VrE65
1 2WF65
i 2WF65
i 4vtF61
1 2wF65
1 2r{F6 5
1 2!VF6 5
BT45
BT45
1 2t'/F6 5
12I^iF65
12ÍtF92

Beam
Si ze

F(,
o

1 2VJF5 O

12î,t847
12I^IFB5
12T{FB5
12!'/FB5
1 2WFB5
12!{FB5
12I^7F85
12I,JFB5
1BWFB5
1 BWFT O

i BbIF45
24vtF7 4
i 2I^7F85
1 2wFB5
1 BI{FB 5
1 0r25
1 0r25
1 BÏ.IFA 7
1 BIVF4 7
1BWFB5

Test
No.

Invest.igator

2
3
4

5
6
7
9

10
11
12
13
14
15
16
17
1B

3
6
9

10
21

Brandes
Mains

J. L.
R" t.f .



TABLE A-6 END PLATE

Investigator

CO}TNECTTONS I\TTH NO COLUMTI STTFFENERS

J. R. Ostran-
der

Beam
Size

1

3
4
9

11
12
13
17
1B
19
23
A1Sherbourne

1 0v'7F2',t I gwnz e
1 or^iF2't I svlrz e
1oI/üF2t lewrze

Colur,rn
Size

1 OV'IF21 I BWF2 B
12î;tE2Z I gv¡r¿+o
12wE2Z I AwF+O

End Plate
Si ze

12wE2Z IewF¿+O
12trF27 I ewszu
12\tF27 I B\tI¡24
12\¡IE2l I eviiszta

6åx11xå
6åx1ix 3

6åx11xi
6åx11xí
7|x13x!
7Lx13x\
7lx 1sx !
7lx 13x !
7Lx13x\
7]x 13x!
7åx 13x I
7x1-oåirl

12wF,27 TBWF4B

1 5x5x 42#BxBx35#

ts
C^)

ts



TABLE A.7 END PLATE CONNECTIONS WTTH COLU¡&V STTFFENERS

Investigator

J. R" Os-
trander

Test
No"

Bearn
Si ze

2
5
6
7
B

10
14
15
16
20
21
22
24

1 owF21
i owF21
1 OlvF21
1 0wF21
1 0l¡1F21
12\1I'27
12VtE27
1zvrF27
12vt?27
12UF27
12\,it?27
12\'1I.27
1zVtF27

A. N. Sl:er-
bourne

Coiumn
Si-ze

L. G. Johnson
J. C" Cannon,
L. A. Spooner

8WF2 8
B!üF 2 B

BWF2 B
BI,IF2 B

BWF2 B
BrfF2I
BV F4 O

th/F4 0
BWF4 O

BIVF2 4
BI¡JF2 4
BI,VF2 4
BV'7F 4 B

End Plate

6åx11xå
øL "t I "l_6åx11x3
6àx11xl
6|x11x[
6lx11xfl
7| x1 3x!
7rt x13xL,
7l x13xÍ
7] x13x!
7 12 x13xt,
7l x13x!
7å x1 3xl

A2
A3
B1
B2

Stiffener
Size

1 5x5 x42#B xBx35# 7x1-6taTü
1 5x5x42#BxBx35# 7x1-6t xl
1 5x5 x42# B xB x3 5# 7x 1-6rrx1
1 5x5 x42# BxBx35# 7x1_6\x1

5

¡x7å x3
3 x7| xf
3 x7l x|
3 x7[ x[
3x7[ xfl
3x7! x!
4x7x4
4x7xf
4x7x I
3x7å xl
3x7å xl
3x7! xf
4x6Í xl

10r25 BI45 6x1-1Íxå

3 jx 7 xf ,
3jx 7 x!
3,rx 7 xI
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Investigator

H.
Batho,
C. Rowan

A. Bannister

TABLE A-8 T-STUB CONNECTTONS

Test
No.

rJ . C. Rathbun

13
14
15

Beam
Si ze

1 2RSJô30
1 2RSJA30
1 2RSJô30

a
b
c
d
e

R. Douty

10xB B.s.
10xB B.S.
10xB B.S"
10xB B.S.
13XB B.S.

Column
Si ze

13
14
i5
16
17
1B

1 2RSJA65
1 2RSJA65
1 2RSJA65

12131.
12131.
1 6GB3
22G1 01
22G1 01
1 6GB3

i2XB B.S.
12xB B.s"
12xB B.S"
12xB B"S.
12xB B"S.

D-1
D-2
D-3

8
B

T-Stub
Size

i 4wF34
1 6WF4 0
21\t862

9x1x1'-i0 pl.
14xix1-10 PL"
i5x1x2t-3 PI"
15x1x3-3r4 pl,
1 5xi x3-3 ' 4 Pl.
14H167

1 5r45
1 5r45
15r45
24 x-7

24 x'l
24 x'/
24 x7
24 x'7

14!vF150
i4wF150
14!ùF150

B.S.
B. S.
B"S.
B.S.
B.S"

B.S. eritish Standard Section

1 5cô99#x9"
1 5G49 9 #x 1'-2u 

.

24I105.9x'l t-3tt
30c240 x1 -3
30c240x1-3
24r105.9x1-3,

Web angles
Shear connections
4 bolts
6 bolts
B bolts

1 0 bolts
I bolts

1 BI,VF7 O

1 6!íF4 0
21\tF'62

2 lines of bolts

H
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APPENDTX B

This Appendix contains the standardization constants

and the stanclardized moment-rotation equations for the

various connection types considered in this study. Figs 8.1

to Fig" 8.7 are the standardized curves, and Figs. B.B to
Fig" 8.18 are comparisons of experimentally obtained

moment-rotation curves with those obtained from the
standardized equation.

" B.'l Doubl-e 'Web Ang]e Connections

St,andardi zation constant

K = d-2.4.-0.23 e.r6

where:

d = depth of angle

t. - angle thickness

g = connection gage

Standardized moment-rotation equation

ó = 3.66 (Kr,r) ro-4 + t.ts (KM)3 n-6 + q.sl (KM)5 1o-B

8.2 Singl-e Web Angle Connections

Standardization constant

K = d,-2'4 ,-r.81g0.15

174



17s

where:

fl = depth of angle

t - angle thickness

g = connection gage

Standardized moment-rotation .equation

þ = 4"28 (rc'{) 10-3 + 1.45 (ror) ro-9 + t.st (rc'r) 10-16

8.3 Header Plate Connections

Standardization constant

K = r-l.u ,t,u ,-r.3 w-0.5

where:

8.4 Top and Seat Angte Connections

Standardization constant

K = t-0.5 a-1.5 t-r.r t-.7

wherei 
,

! = angle thickness

t - thickness of header plate

g = connection gage

d = depth of connection

w = web thickness

Standardized moment-rotation curve

0 = 5.1 (rcr) to-5 + 6.2 (ror)3 t0-10 + 2.4 (rcr)5 t0-13
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d = depth of connection

f = fastener diamenter

f = angle length

Standardized moment-rotation curve

0 = 8.46 (K¡,1) ro-4 + l.ot (rc{)3 to-4 + t.ztr iior¡5 ro-B

8.5 End Plate connectionsrs vlith No column stiffners
Standardi zation constant

K = d-2.4 E-.4 f -1.1

where:

d - depth of connection

f = thickness of plate

f = fastener diameter

Standardized moment-rotation curve

0 = 1"83 (ro,r) r0-3 * 1.04 (rar)3 ro-4 + 6.¡g (ror)5 ro-6

8"6 End Plate Connections V,Iith Coi_umn Stiffners
StandardizaLion constant

K = d-2.4 r-0.6

where:

fl = depth of connection

t - thíckness of plate

Standardized moment-rotation curve

þ = r.79 (ror) ro-3 + r.76 (ror)3 to-4 + z,o4 (ror)5 ro-4
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where:

8"7 T-Stub Connections

Standardization constant

K = d-l.5 .-0.5 r-1.1 1-0.7

d = depth of connection

t' = thickness of T-stub flange

f : fast.ener diameter

t - Iength of T-stub

SLandardized moment-rotation curve

þ = 2.L (ru) to-4 + 6.2 (rc,r)3 rc-6 - l.ø (rcr)S ro-9
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Stort

Reod Moteriol Properties, Number of
Members,ond Number of Joints in the
Structure

Allocote Storcge

Reod Joint Coordnotes, Joint Stotus,
ond Any Specified Joint Displocements

Do M = I ,Number of
Members

Reod Cross Sectionol Properties,
Temperoture ond Type of Connection
ot Eoch End For Member M

Reod the Connection Poro-
meters Correspond ing to the
Connection Tyþes

Evoluote lnii io I Flexi bil ities
For Connections of Ends
of MemberAssign oo or O Flexibilities

to Connections of Ends of
Member M

Set Up Joint lncidence Toble Which
Lists the Members lncident on Eoch

Joint



Do LDG= l,Numberof
Looding Coses

Reod Heoding Descibing Type of Lood
to be Applied lo the Structure

Member

Reod Joint Loods ond Member Loods

Type
of

Lood

Colculate Contilever
Deflection ond Member
A End Forces ond Store

Do M= l,Numberof
Mem bers

- Forces\
otA Endof

Colculote Fixed -End Forces
ot A ond B End of Member

KOTOTe FtXeO-EnO-FOrCes 10 UloÞol
System ond Add to Joint Loods.Colculote

eroture Loods ond Add to Joint Loods



Colculote Joint Displocements

NMM=O

DoM=l,Numberof

Connections
Flexible\-¿

Colculote the lbtol End Forces ot A ond
B Ends of the Member

Compore Connection Rototion Predicted
by Non - Lineor M- ró Curve With Roto -
tion Predicted by Assumed Flexibility

it Necessory
to Modify
Connection

lexibilil
=-?-z

NMM= |

Modify Flexibility

Print i) Joint Displocements
ii) Member End Forces

iii) Supoort Reoctions
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APPENDTX D

USERIS MANUAL

IDENTTFTCÀTÏON

SRFRAME this program performs a linear structural
analysis of planar frames whose connections have any degree

of rotational flexibility. The frexibility of a connection

may be specified in any of the foLlov¡ing \ivays:

(a) connect.ion may be rigid
(b) connecLion may be pinned

(c) connection flexibil-ity may be specified numerically
(d) one of eight standard orthogonar connection types

may be specified along with its size parameters

Any nurnber of consecutive loading systems can be

considered but they cannot be superimposed.

2. DÐSCRTPTION OF STRUCTURE AND LOADTNG

The input consists of a description of t,he structure
ancl each loading. system.

rn describing the structure, a1l joints are numbered in
an arbitrary sequence as illustrated in Fig. o.1 (a) . Arl-

members are numbered and each member is arbitrarily assigned

200
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GLOBAL COORDINATE SYSTEM
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MEMBER 3 LOCAL COORDINATE SYSTEM
(b)

IDENTIFICATION OF STRUCTURE

FIG" D.I
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a direction, as illust,rated by the arrov/s in the figure.
Two different types of coordinate systems are used:

(a) Globa1 system - a single right handed coordinate

system applicable to the who]e structure. rts origin can be

located any\aþsr. and all loadings, joint coordinates, joint
displacements, and support reactions are expressed in the

globa1 system"

(b) Mernber system - Each member has associated with it
a right hand locaL coordinate system whose x, axis has the

same direction as that assumed for the member¡ âs

illustrated for member 3 in Fig. D.1(b). The mernÌ¡er is
assumed to have a ttstartt' and an "end" as shown, and. the
positive directions for the member end axial- forces, shear

forces, and moments are t,he positive *r_ , XZ , and *:
directions as shown" Regardless of t,he member orientation,
axis x ^ is above or in the horizontal prane containing the

2

origin, and direction x, is clockwise or counterclockrvise

depending on whether x, is directed to the right or to the

left "

The size of structure that can be analyzed depends on

the availabl-e storage " The number of words of memorlz

required for data storage for a given structure is
approximately:

where:

(Nr¡2 + 22 (NJ) + 17 (NM) = z, (D.1)
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NJ = number of joints in structure
NM = number of members in structure
I - total number of data quantities Lo be stored.
The program employs a one-dimensional data storage

pool, and Table D-1 lists the maximum peïmissible size of
storage pool corresponding to severaL different coïe
allocations for the IBM system 360/65 computer.

TêÞle D-1 Storage Capacilies

A,vailab1e Maximum Z
Core Dimension

1 50 K 22 t50A
200 K 35,000
250 k 47,500
300 K 60,000

3. CONNECTTON TNFORMÀTION

The program is capable of anaryzing structures which

include any of the following connection types:
(a) double web angle connections

(¡) single web angle connections

(c) header plate connections

(d)_ top and seat angle connections

(e) end plate connections with column stiffeners
(f) end plate connections without corumn stiffeners
(g) T-stub connections.

rn addition, rigid and pinned connections and those

with a numerically specified flexibirity can be included.
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Connection types (a) to (g) inclusive have their
flexibilities generated by the program. For each connection

in the structure, it j-s necessary to input one or more

parameters which are used to generate the moment,-rotat-i-on

information for the connection"

TNPUT4.

The program input is
example bel-ow. Except

data card is divided into
can be placed anlrwhere

optional 
"

described with reference to the

for descriptive heading cards, each

1 0 column fields. Each data item

in its field and decimal points are

DAT"A, CARDS:

(a) Program Name - SRFRÀME

(b) Job ?escription - card to contain a job description

which is printed as a heading' over output"

(c) Structure Information

Fie1d 1 - number of joints

Fie1d 2 - number of members

Field 3 - modulus of el-asticity E (ksi ) "

each joint)(d) Joint fnformation - (one card for
Field 1 - joint status:

t blank = non-support joint

F or FIXED = fixecl support

H or HORIZ = horizontal roller
V or Vert = vertical roller
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R or ROTATION = pin

(combinations of H, V, and R may be used).

Field2-joint,number

Fiel-d 3 - joint X (horizontal-) coordinate (ft. )

Field 4 - joínt Y (vertical-) coordinate (ft.).
(e) Member Information - (One card is required for each

member with any combínation of rigid or pinned connections.

Two cards aïe required for members with any of the standard

connection types listed above or connections with
numerically specified fl-exibility. )

First Card:

Fieldl-membernumber

Fie1d 2 - number of joint at member "start"
Fiel-d 3 - number of joint at member ,rend,r

Field 4o 5 - member area, A (sq. in.) and moment

of inertiap T (ina¡ " rf A or r is left bl-ank, the val-ue is
assumed to be thè same as for the preceding mer'.ü¡ert if no

values are supplied, Èhe following are assumed: A = 5.0 sq.

in.¡I-100.0in4"

b-ie1d 6 -
temperatures are provided, temperat,ure displacements and

forces ?re incorporated into the anar-ysis; otherwise,
t.emperature effects are ignored.

Fiel-d 7 - connection type at member "start"
FieÌd I - connection type at member "end',.

Continuation Card - An asterisk (*) in column 1 of a

member temperature. If member
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projection of member

Field 4 - vertical load (kips,zft. ) on horizontal
proj ection

Field 5 - distance (ft.¡ to start of l_oad

Fie1d 6 - distance (ft. ) from end af member load

to end of member.

(iii) Concentrated member load -
Field 1 - P

Field2-membernumÌ:er

Field 3 - horizontal load (kips)

Field 4 - vertical load (kips)

Field 5 - distance (ft.) from memÌ¡er "start".
(h) SoLve card to contain the word SOLVE. This

instructs the computer to begin analysis.

5" OUTPUT

The output censists of t,he followJ_ng:

(a) a listing of all input quantities
(b) connection flexibilities. as generated

(c) joint displacements s

(d)_ member end forces

(e) support reactions

(f) volume and weight of steel in structure.
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FIG. D.2 DOUBLE WEB ANIGLE CCINNECTICINS
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c
C
c
c
c
c
C

* * ,1. ¡ft t * * * ¡rt * * * * ¡¡ * * * t rl. ¡1. * t i( {( * ,1. ¡F ¡ir {c * * t * * * + rf * * * }t * * * * * * * ,i( {{ ,f * ¡ß ,* * ,1. * t ¡i( ,f * * ¡f * Ì( Mj\IN0 0 1 O
MATNOO2O
MATNOO3O

MATN PROGRAM , MÀ,INOO4O
MATNOO5O
MAINO O 6 Ortr{<rFrtt(*:r{<,ftt¡F¡}.:&t:{<rF¡|C****r¡***{r*t,***r|(*rFr¡*t*{Ê¡r*{<rl.**rr**¡têtrlcrF*àtxtrt*r|(*rF*t¡*,lcl\,ij\INoO7O

Dr¡4ENSTON 2(20000) MATNoOBo
INTEGER*2 INP(80), LDTYP(4' 80) MAINOO9O
coMMoN E, M, DL, JRD, JVIT, FN(14), rNp/MN/N,fa NMu LDTyp, HDG(20) u MATN0IOOTALPHA MAINOI 1 OJRD=5 MATNO l 2O
JI^IT = 6 MAIN013O
READ JOB TITLE MATNOI4O

* * * * 'F d( )þ 
'k 

,k * * * * rF * ,F t * * {( * rf {< REAn rf ¡l. ,h * ,1. rF ,t ,ß ,F * {< * ,* ,1. t ,t ,F ,1. * ,1. ¡f t * ,f ¡F ,f t ,¡ ,F ,l( * t * t ,f ¡t * *MÀ,IN O 1 5 O
READ (JNO,4O,END=30) HDG MAINOI6O
NC = NC+1 MAIN017O
I4lRrrE (JWT 

' 
50 ) HDG MArNo l Bo

i.vRrrE (Jlrr,6o) MArNolgO
*rFrFd<t***rlc¡FrFttk**ltlt*:t*r|(**IìEAnlt<,F*r#r|(¡lcr|(rl.rF**rF)k,l.t:,h:|(*rþt*t*,1.t{(t*trt t,l.t,¡¡|(i.r¡*MAIN0200

READ (JRD,7O) TNP MAINO21O
CALL CNVRT(1, 1,3) MAÏNO220
NJ = FN(1) ¡tarN023o
NM = FN (2) ¡¿AINO24Of, = FN (g) ¡¿aTN025O
ALPHA = .0000065 MA]N026O
NEE = (NM-1)/2+1 ¡aArN0270
NNN = (NJ-1 ) /2+1 MATNo2BO
N1 = 1 I,aAIN0290
N2 = N1+2*NJ MAINO3OO
N3 = N2*3*NM MAIN031 O
N4 = N3*3*NM MAIN032O
N5 = N4+NNN MAIN033O
N6 = N5*6*NNN MAIN0340
N7 = N6+3*NJ MAIN0350

c
c

10

C

t\)
ts
ts



NB = N7+2*NEE MAINO36O
N9 = NB+NM MAINO3TO
N10 = N9+NM MATNO3SON1i = N10+NM I4A]N039O
N12 = N11+NEE MAIN04O0
N13 = N12+NEE MAINO410
N14 = N13+NNN MAIN042O
N1 5 = N1 4+9*NJ MAÏNO430
Ni 6 = N1 5+NNN+1 M.A,rNO 44 ONi7 = N16+2*NM MAIN045O
N1B = N17+3*NJ MArNO460
N19 = N1B+NM MAIN047O
N20 = N19+NM MAÏN04B0
N21 = N20+NM MAÏN049O
N22 = N21+NM MAIN050O
CALL PLFR(z(Ì'T1 ), z(N2) ' z(N3), z(N4), z(N5), z(N6), z(N7), z(NB), MAÏN05106z(N9), z(N10), z(N1 i), Z(N12), z(ti13), z(N14), z(N15), z(N1 6), z( MArNos2O

EN17), z(N1B), Z(N19), Z(N20), Z(N21), Z(N22)) MÄ,rN0s30
DO 20 f = 1, 80 MAIN054O

20 LDTYP(1, r) = rNp(1) MÀÏN055O
GO TO 10 MATNO56O

30 sroP MAÏN057O40 FORMAT (20A4) ¡¿;uN058050 FoR-Nar ('1'///1x2044) ¡¿ArNOsgg60 FORMAT (//' A\TALYSTS oF pr,ANE FRAvtE vürrg RrcrD , sE¡4r-RrcrD , oR MAIN0600
8SIMPLE CONNECTTONS'//' TNPUT DATAI //) MATNO6I O70 FORMAT (8041 ) ¡,1arN0620END MAINO63O

,k ¡k * lk * * * * * ,k * * *c *,F * * rþ * t t ¡1. * * * * {< * {r {c t * * * * * * * * ìr * * * *,f ,k,k,h * * t *,t * * * t,lr * * ¡þ * * ¡F *PLFR0 O 1 O

SUBROUTÏNE PLFR iiii3333
PLFRO O 4 O*,F*d<*)t***lt*,F******)F*'kt****{<*,F*t<***¡ki(**{<**{(,k*,F,ft*,k,F,¡*,&,F,F*¡t*ì,c*,*{.***{,PLFR005O

SUBROUTINE PLFR(CJ, FA, FB, NM]J, Jf, JL, MI, AR, XT, TEM, MSRA, PLFROO6O
6I4SRB, rSR' A, LIST' C, PJ, SLPA, SLPB, coNA, coNB, STORE) pLFR007O

c
c
C
C

c
t\)
ts
N)



REAL KBB(3, 3), KBA(3, 3), JL PLFROO8O
coMMoN E, M, DL, JRD, Jlfr, FN(14), INP/MN/N'J, NM, LDTyp, HDc(20), pLFR009o

SALPHA,/SPL/KBB, DSTTF,/RT/COSA, STNA, R(3,3), H(3, 3) PLFROIOO
INTEGER*2 MI, ISR, MSRA, MSRB, LIST, NMIJ, JI, INp(80), LDTyp(4¿ PLFROIlO

êBO) PLFRO1 20
DTMENSTON CJ(2, 1), Mr(2, 1), AR(1), Xr(1), rSR(1), MSRA(1), MSRB(PLFRO130. 61), TEM(1), NMIJ(1), Jr(6,1), Jr,(¡, 1), sLpA(1), sLpB(1), coNA(1)PLFRO140

E, CONB(1) pLFR0150
DIMENSION PJ(3, 1) PLFROI6O
DTMENSTON FEFA(3), FEFB(3), PLME(3), D(3), FLBB(3, 3) PLFROITO
DTMENSTON A(3, 3, 1) , LÏST(1), B(3, 2) , BB(3, 3, 2) PLFR0180
DTMENSTON C(2, 1) PLFR019O
DTMENSTON STORE(3, 3, 1) PLFRO2OO
DTMENSTON FA(3, 1), FB(9, 1), TEMP(3, 3), TEMPI (3), TEMP11(3) pr,FR021O
DTMENSTON TEMP2 (3, 3) , TEMP3 (3) pLFRo220
DTMENSTON D4 (6) , D3 (3), D1 (3), D2(3) PLFR023O
TNTEGER*2 INPT (6)/' ' , 'F" 'H" 'V" 'R" 'D'/ PLFRO24O
INTEGER*2 INPTC (11)/t ' , tPt, 'St, tA,, tBt, oCt, tD,, tEr, rFt r. rPLFR025O

6G', 'H'/ pLFR026O
II.ITEGER* 2 TIJ/'U'/ , TP/'P'/ PLFRO2TO
INTEGER*2 CONT,/ ' *'/ PLFRO2BO
TNTEGER INSRC (11)/ rprN , , ,SPEC', rDWEB', tSWEBr, rHPLTr r rT6SEr, PLFR029O

trEpLTr, 'EPLT" |TSTBT, rTpLT" rRIGD'/ pLFRo3oo
TNTEGER rNSR(6)/rH 

" 
rV 

" 
rH V 

"'R "'HrR " 
rV R '/ PLFR031O

TNTEGER*2 ILD (5)/'S' , 'O" 'L". 'V" 'E'/ PLFRO32O' EQUTVALENCE (NE, NJ) PLFR0330
DO 20 r - 1,3 PLFR034O
DO 20 J - 1, 3 pLFR0350
R(I, J) = 0. pLFRO36O

10 H(r, J) = 0. pLFRO3TO
20 H(I, r) = 1. PLFR0380

^rr : u pLFRo39o
DO 90 JJ = 1, NJ PLFR04OO
J = JJ pLFR041O

'!F***'k****)k*,þ,F**{<* READ tl(*>F****'t*****,F*,*******t***'ft*¡fi** PLFRO42O
t\)
F(,



c
c

NON-BLANK CHAR.A,CTER TN COL BO. CONVERT COORDINATES TO INCHES"
READ JOINT STATUS AND COORDINATES OF JOTNTS" LAST JOINT GI\ZEN
READ (JRD,1450,END=1440) INP
CALL CNVRT(1, 2, g)
IF (FN(1) "Ne" 0") J = FN(1)
CJ(1' J) = Fll(2)
CJ(2, J) = FN(3)
JL(1, J) = FN(4)
JL(2, J) = Fl.I(5)
,JL(3, J) -- FN(6)

ISR ('J) = 0
r-1

30 rF (rNp(r) .89
IF (rNP(r) .EQ

40 rF (rue 11¡ .NE
ISR(J) = ISR(J
GO TO BO

IF (FN(7) "nr. 0,) ALPHA = rN(7)

50 fF (rNP(r) .NE. INPT
ISR (.1) = ISR (J) +2
GO TO BO

6O IF (INP(I) .NE. INPT
ISR(J) = ISR(J) +4
co To 80

70 rsR(J) = B

co ro 90
80f=I+1

rF (r .LE. 10) co To
9O CONTINUE

fi=0
AO = 5.
XO = 100.

** * *{<,k * * t :+ * ll{< * ¡F *rF

100 READ (JRD, 1 450 ,END=14
110 M - M+1

rNPT
INPT
ÏNPT

+1

1

¿

3

)coroB0
.oR. rNP(r) .EQ. rNPr(6) ) cO rO 70)coros0

) coro60

)coro70

30

PLFRO 430
PLFRO 44 O

PLFRO 45 O

PLFRO 46 O

PLFRO 4 7 O

PLFRO 4 8O
PLFRO 490
PLFRO5OO
PLFRO5 1 O

PLFRO 5 2 O

PLFRO 5 3O
PLFRO54 O

PLFRO 5 5 O

PLFRO 5 6 O
PLFRO 5 7 O

PLFRO 5 8 O

PLFRO 5 9 O
PLFRO 6 O O

PLFRO 6 1 O
PLFRO 6 2 O

PLFRO 6 3 O

PLFRO 6 4 O

PLFRO 6 5 O

PLFRO6 6O
PLFRO 6 7 O

PLFRO 6 8 O

PLFRO 6 9 O

PLF'RO 7 O O

PLFROTl O

PLFROT2O
PLFRO 7 3 O

PLFROT4 O

PLFRO 7 5 O

PLFRO 7 6 O

PLFRO 7 7 O

t\)
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CALL CNVRT(1, 1, 6)
rF (nN11¡ "NE" 0.) M - FN(1)
¡ÍSRA (t"t). = 0
MSRB (M) = 0
TEM (M) = FN (6 )
rF (FN(4) .Nr" 0.) AOrF (FN(s) "Un. 0") xo
AR (M) = AO
XI (M) = XO
MI(i, M) = FN
MI(2, M) = FN
DO220I=61

MSRA(M).= 1

co To 230
120 rF (rNP(r)

MSRA (M) = 2
co ro 230

130 rF (rNP(r)
MSRA. (M) = 3
co ro 230

140 rF (rNP(r)
MSRA (M) = 4
co To 230

150 rF (rNP(r)
MSRA (M) = 5
co To 230

160 rF (rNP(r)
MSRA (M) = 6
co To 230

170 rF (rNnlr¡
I{SRA (IvI) = 7
co ro 230

180 rF (rue11¡

rF (rNp (r)
TF (INP (I)

2)
3)

70
EQ.
NE.

FN(4)
FN(5)

INPTC ( 1 )
INPTC ( 2 )

.NE" INPTC (3)

.NE. rNPTC (4)

) co ro 220
) co ro 120

) Go ro 130

) co ro 140

) co ro 150

) GO TO 160

) GO TO 170

) co ro 180

) co ro 190

.NE. TNPTC (5)

.NE" rNPrC (6)

.NE. INPTC (7)

. NE. rr'IPTC ( I )

PLFRO 78 O

PLFROT9 O

PLFRO BOO
PLFRO 8 1 O

PLFRO B2 O

PLFRO B3 O

PLFRO B4 O

PLFRO B5O
PLFRO B6 O

PLFRO B7 O

PLFRO B 8 O

PLFRO 89 O

PLFRO 9 O O

PLFRO9 1 O
PLFRO 9 2 O

PLFRO93O
PLFRO 9 4 O

PLFRO 9 5 O

PLFRO 9 6 O

PLFRO 9 7 O

PLFRO 9 B O

PLFRO 9 9 O

PLFRI OOO

PLFRI O 1 O

PLFRI O2O
PLFRI O3O
PLFRI O4 O

PLFRI O5O
PLFRI O6O
PLFRI O7O
PLFRI O8O
PLFRI O9O
PLFRI 1 OO

PLFRI 1 1 O

PLFRI 1 2O.NE" INPTC (9)
N)
F
(tt



MSR.A, (M) = B

co ro 230
190 IF (INP(I) "NE"

MSRA(M) = 9
co ro 230

200 rF (rNP(r) "EQ"
GO rO 1430

210 MSRA (M) = 10
Go ro ?30

220 CONTINUE
230 CO}TTINUE

" DO 340 I = 71, 80
F (INP(I) .EQ" INPTC(1

IF (INE11¡ .NE. INPTC(2
MSRB (M) = 1

co ro 350
240 rF (rNP(r) .NE" ÏNPTC(3

TNPTC(10)

TNPTC(11)

MSRB (M) = 2
co ro 350

250 rF (rlip(r) .NE" rNPrc(4
MSRB (M) = 3
co ro 350

260 IF (]NP(T) .NE" INPTC(5
MSRB (¡4) = 4
co To 350

270 rF (rNP(r) .NE. tNPrC(6
MSRB (M) = 5
GO TO 350

280 rF (rNP(r) .NE. rNPrC(7
MSRB (M) = 6
GO TO 350

290 IF (INP(I) .NE" INPTC(B
l"lSRB (M) = 7
co To 350

300 rF (rxp(r) .NE. rNPrC(9

) eo ro 200

) GO rO 210

) Go ro 340
) GO TO 240

) GO TO 250

) eo ro 260

)) GO rO 270

)) Go ro 280

GO TO 290

)) Go ro 300

)) Go ro 310

PLFRI 1 30
PLFRI 1 4O
PLFRI 1 50
PLFRI 1 6O
PLFRI 1 7O
PLFRi 1 8O
PLFRI 1 9O
PLFRI 2OO
PLFRI 2 1 O

PLFRI 220
PLFRI 230
PLFRI 240
PLFRI 250
PLFRI 2 6O
PLFR1 270
PLFR1 280
PLFRI 2 9 O

PLFR'I 3 OO

PLFR1 3 1 O

PLFRI 3 2 O

PLFRI 330
PLFR1 34 O

PLFRI 3 5O
PLFRI 360
PLFR1 370
PLFRI 3 8O
PLFRI 3 9 O

PLFRi 4OO
PLFRI 41 O

PLFRI 420
PLFRI 430
PLFRI 440
PLFRI 450
PLFRI 460
PLFRI 470

N)
ts
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MSRB (M) = I PLFRI 490
GO TO 350 PLFRI 490

310 IF (INP(T) .NE" TNPTC(1o)) GO TO 320 PLFRI5OO
MSRB (M) = 9 pLFRI 51 O
GO fO 350

320 rF (rNp(r) .EQ. rNprc(11)) co ro 330 
PLFR1520
PLFRI 530

GO To 1430 pLFR154O
33.0 MSRB (M) = 10 PLFRI 550

GO TO 350 PLFRI 560
340 CONTINUE PLFRI 570

'ft * * t t * * * * t * ¡ft * * t * * * * * ìl * * * ,F * * * * READ * * * * * l'( * * * * ,ß * ,f * t * rl. * rl. * d(,F ¡¡ * rt * ,! rlt * t ,f rf * pLFRI 5 B O
350 READ (JRD,1450rEND=1440) rttp PLFRI 590rF (rwe11¡ .EQ. coNT) cO rO 420 PLFR1600rF (MSRÀ(M) .EQ" 0) cO TO 360 PLFRI 6i 0rF (l"IsRA(M) .EQ. 1) GO TO 370 PLFRI 620co ro 1 430 PLFR1 630
360 c(1, M) = 0" PLFR1640

GO TO 380 ¡¡ PLFRI 650{t370 C (1 , M) = 10 " 
t10. **25 .pLFR1 660

GO To 380 PLFRI 670
380 IF (l'IsRts (M) .EQ. 0) cO TO 390 PLFRI 680IF (IUSRB(M) .EQ. 1) GO TO 4OO PLFRI 690co To 1 430 PLFRI 700
390 C(2, M) = 0. pLFRI 710

co ro 410 PLFRI 720
400 C(2, M) = 10.*10.**25 pLFR173O

GO TO 410 PLFRI 740..'+.1 O CONTINUE PLFRI 750rF (rur .NE. NM) GO TO 110 PLFRI 760
co ro 430

420 nlP(1) = ïNPr(1i ;iilfii;33
CALL CNVRT(7, 1, B) pLFR179O
KK = MSRA'(M) PLFR1 BOOJJ = MSRB (M) pLFRI g 1 OTF (JJ "Ee. 0) JJ = 11 PLFRI 820

t\)
ts{



IF (KK .EQ" 0) KK = 11 PLFRIB3O
CALL GENCUR(KK, JJ, CI SLPA, SLPB, CONA, CONB) PLFRI 840TF (M .NE " NM) cO TO 100 PLFRI 850

* * * re t d( ¡1. ,F * * * * * ,lr * t( * * :ft d( rl. * * * * t ,i< ,F ¡t( *r *IìEÀn ¡t t * ,t 
.,lc 

,* * * * t * ,t * ,& * * * ,lr ,* t * * * * {( ìt * * * * PLFRI g 6 O
READ (JRD,145O,END=1440) INP PLFRiBTO

430 CoNTTNUE PLFRi 880
I^IRITE (JWT,146O) NM, NJO E' ALPHA PLFRIB9O
I^IRITE (JI,TT,147O ) PLFRI gOO
II = 1 pLFR191O
DO 470 J = 1, NJ pLFRig2O
TF (ISR(J) .NE. O) GO TO 440 PLFR193O
v'tRITE (JI^7T,1540) J î C.r ( t, J) , CJ (2, J) PLFR1940
GO TO 470 PLFRI 950

440 ïF (ABS(JL(1, J))+ABS(Jr(2, J))+ABS(JL(3, J)) "rT. "0001) co To- ,PLFR1 9606450 PLFRI 970wRrrE (.rwrr14g0) Jt cJ(1 ,J),CJ(2,J) , (,rr,(r,J), r-1,3) pLFRlgg0
co To 470 PLFRI 990

450 IF (TSR(J) .LT. B) Go To 460 PLFR2OOo
wRrrE (JWT,1490) J, CJ(1,,J), CJ(2¿ J) PLFR201O
GO TO 470 PLFR2O2O

460 ( = ISR(J) PLFR2 O 3 O
r'tRrTE (JWT,14g0) J, C.r (t , J) , CJ (2, J) , ÏNSR(K) PLFR2O4O

470 CONTINUE PLFR2OsO
480 DO 490 J - 1, NJ PLFR2 O 6 O

DO 490 I = 1, 2 pLFR2O70
490 cJ(r, J) = cJ(I, J)*12. 

'LFR2OB'PLFR2 O 9 O
GENERATE JOTNT TNCTDENCE TABLE PLFR2IOO

PLFR2 1 1 O
DO 500 J = 1, NJ PLFR212O
NMIJ(J) = 0 pLFR2130

soo 3Î,i:o"T I å' 6 
fiilil3li3

Do 510 ${[ = 1, NM PLFR216OJ = MI(1, M) PLFR217O

c
c
c

N)
l--
co



NMIJ (J) = NM1J (J) +1
( = NM]J (J)
JI(K, J) = -M
J = MI(z, M)
NMI,J (J) = NMIJ (J) +1
X = NMI,] (,1)

510 JI(K, J) = |vt

l\7RrTE (JWT, 1 500 )
DO 520 ltl = 1, NIU
K = MSRå, (M)
J = MSRB (M)
IF (x .EQ. 0) ( = 11
IF (J .EQ. 0) J = 11

520 wRrrE (.twr,1530) M,
€TNSRC(J) , TEM(I\r)
wRrTE (JWT, 1 51 0 )
DO 530 [[ = 1, NM

530 wRrTE (JWT, 1520 ) M,
LDG=1

540 DO 550 J -
PJ(1, J) =
PJ(2, J) =

550 PJ(3, J) =
DO 570 Ì4 -
DO 560 III
FA(rrr, M)
PB (IrI, M)

560 CONTINUE
570 CONTINUE

IF (LDG .GT. 1) GO
DO 580 r - 1, g0

580 LDTYP (LDG, T) = INP
590 DO 610 IL = 1, 80

IF (LDTYP (LDG, IL)
Do 600 I = 1, 5

MT(1, M),

1, NJ
0.
0.
0.
1, NM
= 11 3
= 0"
= 0.

c(1, M), c(2, M)

Mr(2, M), AR(M)

PLFR2 1 8O
PLFR2 1 9 O

PLFR2 2 O O

PLFR22 1 O

PLFR2 2 2 O

PLFR2 2 3 O

PLFR2 2 4 O

PLFR2 250
PLFR2 2 6 O
PLFR2 2 7 O

PLFR2 2 8 O

PLFR2 2 9 O

PLFR2 3OO
PLFR231 O

PLFR232O
PLFR2 3 3 O

PLFR2 3 4 O

PLFR2 350
PLFR2 36 O

PLFR2 37 O

PLFR2 3 B O

PLFR2 3 9 O
PLFR2 4 O O

PLFR241 O

PLFR2 4 2 O

PLFR2 4 3 O

PLFR2 4 4 O

PLFR2 4 5 O

PLFR2 4 6 O

PLFR2 4 7 O

PLFR2 4 B O

PLFR2 4 9 O

PLFR25OO
PLFR2 5 1 O
PLFR2 5 2 O

TO 590

(r)

"EQ. TNPT

xr (M) , INSRC (K) ,

(1) ) Go ro 610 N)
ts
\o



J = IL+I-1 PLFR2530
rF (LDTYP(LDG, J) .NE. rLD(r)) cO TO 620 PLFR2540

600 CONTINUE PLFR255O
GO TO 8BO PLFR256O

61 O CONTINUE PLFR257O
620 CONTINUE PLFR258O

wRrrE (J!vr,1550) (LDTyp (LDG, r) , f = 1 , g0) pLFR25g0
KK = 0 PLFR2600
LL = 0 PLFR2610
ITER = 0 'PLFR2620

C * * * d( * ì'F * * * * tk t * ¡F ,F t * * {( * * ,F t,lc t {c t {< * *c * READT\ *,1. :*,* *:l( * tt t ri( *,'l. * t * ,t }t * r* * * ,ft * * * * t rl( rl. PLFR263 0
630 READ (JRD,1450,END=1440) INP PLFR2640

CALL CNVRT(1, 21 6) PLFR265O
rF (FN(1) "EQ. 0.) GO TO 710 PLFR2660
II = FN(1) PLFR2670
DO 640 f = 1, 10 PLFR26B0
rF (rNp(r) .NE" rNpT(1)) co To 650 PLFR2690

640 CONTINUE PLFR2TOO
rF (KK .EQ. 0) WRÏTE (JWT,1560) pLFR2710
KK = KK+1 PLFR2720
P,:(tr Ir) = FN(2) pLFR2730
PJ(2, II) = FN(3) PLFR2740

GO TO 630 PLFR277O
650 IF (LL .EQ. 0) I¡IRITE (J-I,VT,1680) PLFR27B0

LL = LL+1 PLFR2790
rF (rNp (r) .NE. ru) Go To 660 PLFR2B00
rF (rr .NE. 0) M - rr PLFR2B10
v,71 = FN(2) pLFR2B20
vt2 = FN(¡) pLFR2830

. I'ÍRITE (JVíT,1690 ) M, INP (I) , lV1 , I,i2 PLFR2B40
S = FN(4)*12. PLFR2B5O
T - FN(5)*12. PLFR2B6O
CALL ROT(CJ, MI) PLFR2B70

rvRrrE (J!,tT,1540) rr, FN(2), FN(3), FN(4) pLFR2750
PJ(¡, Ir) = FN(4)*12" 

'LFR2760

t\)
f\)
O



ww1 = vt1 /12. *ABS (srNA)
WW2 = w2/12.*ABS(COSA)
w1 = (R(1, 1)*wwt+n(2, 1)*ww2)
Í/12 = (R(1, 2)*WlV1+R(2, 2)*vtWZ)
AA = DL-S-T
FA(1, M) = FA(1, M)+Wi*AÀ
FA(2, M) = FA(2, M)+W2*Aj\
FA(3, M) = FA(¡, M)+I^72*Ð\*(S+A.A,/2.)
AA = DL-T
BBB = AAtAi\
CC = BBB*cAi\
DD = CC*AÀ
EE = ¡ñ2/6./E/xr{.M)
FB(1, M) = FB(',t , M)*(\r1/2",/AR(¡,1)/r)*(BBB-S**2)
FB{ 2, M) = FB (2, M) *.75*EEr (DD-S'}rc4 ) +EE* (T*CC- (Sr*3)
FB (3, M) = EE* (CC-S**3 )
co ro 630

660 rF (rNP(r) .EQ. rP) cO TO 670
co ro 1430

670 rF (rr .NE. 0) !l = rr
D3(1) = FN(2)
D3(2) = FN(3)
D3(3) = 0.
DA = Ft'j (4 )
DA = DA*12.
lvRrrE (Jh7T,1690) M, rNp(r), D3 (1), D3 (2), DA
CALL ROT(CJ, Mr)
CALL TRANSP(R, TEMP)

ROTATE GLOBAL FORCE VECTPR TO MEMBER FORCE VECTOR
DO 680 III = 1t 3
PLME(rrr1 = 0.
DO 680 KKK = 1t 3

680 PLME(rrr¡ = TEMP(III, KKx) *p3 (KKK)+PLME (rrr¡
FA(1, ¡4) = FA(1, M)+PLI4E(1)
FA(2, M) = FA(2, M)+PLME(2)

PLFR2 88 O

PLFR2 890
PLFR2 9 O O

PLFR291 O

PLFR292O
PLFR293 O

PLFR2 9 4 O

PLFR2 9 5 O

PLFR2 9 6 O

PLFR2 9 7 O

PLFR2 9 8 O

PLFR2 9 9 O

PLFR3 O O O

PLFR3Ol O

PLFR3 O 2 O

PLFR3 O3 O

PLFR3 O 4 O

PLFR3 O 5 O

PLFR3 O 6 O

PLFR3 O 7 O

PLFR3 O B O

PLFR3 O 9 O

PLFR3 1 OO

PLFR3 1 1 O

PLFR3 1 2 O

PLFR3 1 3 O

PLFR3 1 4 O

PLFR3 1 5O
PLFR3 1 6 O

PLFR3 1 7O
PLFR3 1 B O

PLFR3 1 9 O

PLFR32OO
PLFR32 1 O
PLFR3 2 2 O

,r.(DL-S))

N)
N)
ts



FA(3, M) = Fa(¡, M) +PLME (2) *oa+pLME (3) pLFR323o
DO 690 III =.1 r 3 PLFR324 O
DO 690 JJJ = 1, 3 pLFR325O

.690 FLBB(ÏIÏ, JJJ) = 0" PLFR3260
FLBB=FLEXIBILITY ¡,IATRIX PLFR327OFLBB(I, 1) = DAIE/AR(M) PLFR32BO

FLBB ( 2, 2) - DÀ** 3/3. /E/1I(M) 
'LFR329OFLBB(2, 3) '= 1.5/DA*FLBB(2, 2) 
'LFR33OOFLBB ( 3, 2) = FLBB (2, 3) PLFR331 O

FLBB ( 3, 3 ) = 2. *FLBB ( 2, 3 ),/DA PLFR332 ODo 700 rIr = 1, 3 PLFR3330D2(III) = 0"
Do 7oo KKK = 1, 3 

PLFR3340
PLFR3 350700 D2 (rlt) = FLBB (ttI, KKK) *p¡¡4s (KKK)+D2 (Trr) pLFR336O

CALCULATE (H TRANSPOSE) * D2(rrr) To GET cANTTLEVER DEFLEcTToN AT pLFR3370c
c END

FB(1, M)
FB (2, M)
FB(3, M)
GO TO 630

710 DO 720 N
JL(1, N)
JL(2, N)
JL(3, N)

= Fe(t, M)+D2(1
= FB(2, M)+D2(2
= FB (¡, M) +D2 (3

720 CONTINUE
730 Do 870 M =. 1 , NI{

DO 740 III = 1, 3
rF (FA(rrr, M) .NE

740 CONTTNUE

:l

=PJ
=PJ
=PJ

TF (TEM (M) . EQ. O. ) GO TO
GO TO 7BO

750 CALL ROT(CJ, Mr)
CALL SEMPL (AR, XI, C)
D(1) = 0.
D(2) = (6.*E*Xr(M)/or,**Z*

NJ
1,
2r
')
J,

PLFR3 3 9 O
+D2 (3) *DL-Dz (l¡ x¡o 

'LFR340OPLFR341 O

PLFR3 4 2 O

PLFR3 4 3 O
N
N
N

PLFR3 4 4 O

3ti*: i:3
PLFR3 47 O

PLFR3 4 B O

PLFR3 4900.) GO TO 750 PLFR35oO
PLFR351 O870 PLFR352o
PLFR3 5 3 O

PLFR3 540
PLFR3 5 5 O

PLFR3 5 6 O(C(1, M)+2.*B*XT(M)*C(1, M)*C(20 M),/DL) )/pLFR357O

PLFR3 3B O

N)
N)
N)



TDSTTF*FA(3, M)
D(3) = ((-2.*E*XI(M)*c(1, M)/Dt)/DSTrr)tFA(3, M)
DO 760 III = 1, 3
D1 (rrr) = 0.
DO 760 KKK = 1, 3

760 D1 (rrr) = -KBB(III, KKK)*ps(rxr¿ M)+D1 (rTr)
DO 770 ffI = 1,3

770 FEFB (III) = D1 (rrr) -D (III)
CALCULATE FEFA FROM STATTCS
FEFA( 1 ) = -FA(1 , M) -FE¡B (1 )
FBFA(2) = -FA(2, M)-FEFB(2)
FEFA(3) = -FEFB (3)-neFS (2) *Or,-rA(3, M)

780 FEFA(1 ) = FEFA(1 )+ALpHA*E*AR(U) *1,"*,*,
FEFB ( 1 ) = FEFB (1 )+ALPHA*EtAR(t't) *1'"*,*'
JF = MI(1, M)
.JN = MI(2, M)

790 CONTINUE
ADD NEGATTVES OF FTXED END FORCES TO JOTNT LOADS (ROTATED TO
SYSTEM) R r FA(M), R r FB(M).
CALL MLTI (8, 1, R, 1, FEFA, 1)
rF (rsR(JF) .NE" 0) GO TO 810
DO 800 r - 1,3

800 JL (r, JF) = JL (r, JF) -B (r , 1 )
GO TO B3O

810 ( = ISR(JF)
OIU] T FIXED-END.FORCES FOR RELEASED CO}4PONENTS.

c
c

DO 820 r - 1, 3
rF (x-z*(K/2) .NE. 0) JL(r, JF) =

820 ( = K/2
830 CALL MLTI (8, 1, R, 1t FEFB, 1)

rF (rsn1.1}{¡ .NE. 0) cO TO 850
DO 840 r - 1,3

840 JL(I, JN) = JL(r, JN)-B(I, 1 )
GO TO B7O

850 I( = ISR(JN)

PLFR358O
. PLFR359O

PLFR3 6 O O

PLFR3 6 1 O

PLFR3 6 2 O

PLFR3 6 3 O

PLFR364 O

PLFR3 650
PLFR3 6 6 O

PLFR3 6 7 O

PLFR3 6 8 O

PLFR3 6 9 O

PLFR3 7 O O

PLFR371 O

PLFR3 72 O

PLFR3 7 3 O

PLFR3 7 4 O

GLOBAPLFR3 7 5 O

PLFR3 7 6 O

PLFR3 7 7 O

PLFR3 7 B O

PLFR3 7 9 O

PLFR3 B O O

PLFR3Bl O

PLFR3 B 2 O

PLFR3 B 3O
PLFR3 B 4 O

PLFR3 B 5 O

PLFR3 B 6 O
PLFR3 B 7 O

PLFR3 B 8 O

PLFR3 B 9 O

PLFR3 9 O O

PLFR3 9 1 O

PLFR3 9 2 O

JL(r, JF)-B(rf 1)

t\)
NJ(,



DO 860 r - 1, 3 PLFR393O
rF (x-z* (K/2) "NE. 0) JL(r, JN) = JL(ro JN)-B(r, 1) PLFR394O

860 t( = K/2 PLFR395O
870 CoNTTNUE PLFR3960

GENERATTON AND ELTMTNATION OF JOTNT EQUTLÏBRTUM EQUATTONS PLFR397O
GENERATE T TH ROW OF STTFFNESS MATRTX AND STORE TN A TEMPORARILY PLFR398O

BSOLIST(1)=1 pLFR399O
DO 1160 I = 1r NJ PLFR4OOO
NON ZERO BAND OF ROi^i I IN STTFFNESS IS FROM KL TO KH. KL = LOWEST pLFR4OIO
JOINT No FOR JOINTS TNCIDENT ON MEMBERS FR-A.MING INTO JOINT It KH=HPLFR4020
frt.r\! : r- PLFR4030
KH = I pLFR4O40
IM = NMIJ(I) PLFR4O5O
DO 940 J = 1, IM PLFR4O6O
M - JI(J, I) PLFR407O
lr-4 I PLFR4OBOrF (i"t) 89,0, 900, 900 PLFR4O9O890M--M pLFR410O
tu-ô ¿ PLFR411O
JF = FAR ENÐ JOINT FOR ¡4EMBER M PLFR412O

900 JF = MI(K, M) PLFR4 1 3OrF (JF-KH) 920 , 920, 91 0 PLFR4 1 40
910 KH = JF pLFR415O

GO TO 940 PLFR416O
920 rF (JF-KL) 930, 940, 940 PLFR4iTO
930 KL = JF pLFR4 1 g0
940 CoNTTNUE PLFR4 1 90

ZERO ALL A MATRICES TN NON . ZERO BAND PLFR42OO( = KH-KL+1 PLFR4210
DO 950 J = 1, K PLFR4220
DO 950 rND = 1, 3 pLFR4230
DO 950 rNDl = 1t 3 pLFR4240

950 A(IND, IND1, J) = 0" PLFR4250
INSERT STIFFNESS MATRTCES INTO NON ZERO BA}ID PLFR426O
DO 1000 J - 1, IM PLFR427O

c
c

c
'c

t\)
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I¡I = JI(J, T)
ô.r\..'-¿

rF (r"1 .cE. o) GO TO 960
M_-M

q.r\-l
960 JN = MI (K, M) -KL+1

JN=NEAR END JOTNT FOR MEMBER M - (POSITION IN RO}ü RELATI\Æ TO KL
=1)

.K=3-K
JF = MI (K, M) -KL+1
JF= FAR END JOTNT FOR MEMBER M RELATTVE TO KL=1
IK = MI (K, M)
GENERATB R, TI AND KBB MATRICES FOR MEMBER M
CALL ROT(CJ, Mr)
CALL SEMPL(AR, XI, C)
TBST I^JHET}IER A OR B END INCTDENT ON JOINT T
M - Jr(J¡ r)
rF (¡f .GE. 0) co ro 970
A END - NEAR END STIFF = H*KBB*H TR, FAR END = H*KBB
CALL ¡4LT3 (KBA, 1, H, 1, KBB, 1)
TRANSPOSE H
H(3, 2) = 0.
H(2, 3) : DL
CALL MLT3 (KBB, 1, KBA, 1, HI 1)
H(2, 3) = 0.
GO TO 9BO
B END NEAR STIFF = KBB, FAR = KBB*H TR

c
c

c
c TRANSPOSB H.

970 H(3, 2) = 0.
H(2, 3) = DL
CALL MLT3 (KBA, 1, KBB, 1, H,
H(2, 3) = 0"
ROTATE TO GLOBAL SYSTEM; R *

980 CALL MLT3 (BB, 1, R, 1, KBBf 1

CALL MLT3 (BB, 2 o R, 1 o KBA¿ 1

PLFR4 2 8 O

PLFR4 290
PLFR4 3OO
PLFR4 31 O

PLFR4 32 O

PLFR4 33 O

PLFR4 340
PLFR4 350
PLFR4 3 6 O

PLFR4 370
PLFR4 3 8 O

PLFR4 39 O

PLFR4 4 OO

PLFR441 O

PLFR4 4 2 O

PLFR4 4 3 O

PLFR4 4 4 O

PLFR4 4 5 O

PLFR4 4 6 O

PLFR4 47 O

PLFR4 4 B O

PLFR4 490
PLFR4 5O O

PLFR451 O

PLFR4 52 O

PLFR4 53 O

PLFR4 5 4 O

PLFR4 550
PLFR4 56 O

PLFR4 57 O

PLFR4 5 B O

PLFR4 59 O

PLFR46OO
PLFR4 6 1 O

PLFR4 6 2 O

)

KBB * R TR, R*KBA*RTR
lv
N)
ul



C TRAI\TSPOSE R
f = R(l, 2)
R(i, 2) = R(2, 1)
R(2' 1) = T
CALL MLT3 (KBB, 1, BB, 1, R, 1)
CALL MLT3(KBA, 1, BB, 2, R, 1)

C INSERT NEAR AND FAR END STIFFNESS MATRTCES
DO 990 IND = 1, 3
DO 990 IND1 = 1, 3
A(rND, rND1, JN) = A(rND, TNDI , JN)+KBB(rND,

990 A(IND, INDi, JF) = A(I¡ID, IND1, JF)-KBA(IND,
lOOO CONTTNUB

C MODIFY EQUATTON IF ANY RELEASES AT JOTNT T.
C DTAGONAL AND MULTTPLY JOTNT DISPLACEMENT BY

rF (rsR(r) .EQ" 0) Go To 1050
1010 rJ = r+1-KL

II = TSR(I)
DO1040(=1,3
fF (rr-24,(rt/2) .NE. 0) co To 1040

1020 A (K, K, IJ) = 10. *t25
1030 JL(K, I) = JL(K, I)*10"**25
1040 TI = rI/2
1050 LINC = KH-I

FOR FIRST EQUATTON, BYPASS ELIMTNATION
rF (r .LE. KL) GO TO 1120
PERFORM ELIMINATION FOR ROT^I T TO ZERO BELOW
KU = I-1
DO 1110 ( = KL, KU
IK = PTVOTAI COLUMN RELATTVE TO KL = 1

IK = K+1-KL

c
c

IM = LTST (K+1) -LTST (K)
IJ = K+IM-I-LINC
IF NOT{ ZERO BAND FOR PIVOTAL EQ ENDS TO RIGHT OF THAT FOR EQ T,
EXTEND FOR EQ I
rF (rJ .LE. 0.) GO TO 1070

TNDl )
INDI )

TNSERT LARGE NO. ON
SAME LARGE NUMBER.

PLFR4 6 3 O

PLFR4 6 4 O

PLFR4 6 5O
PLFR4 6 6 O

PLFR4 6 7 O

PLFR4 6 8 O

PLFR4 6 9 O

PLFR4 7 OO

PLFR471 O

PLFR4 72 O

PLFR4 73 O

PLFR4 740
MAPLFR4 750

PLFR4 760
PLFR4 77 O

PLFR4 7 8 O

PLFR4 790
PLFR4 BOO
PLFR4 8 1 O
PLFR4 8 2 O

PLFR4 8 3 O
PLFR4 B4 O

PLFR4 B5O
PLFR4 8 60
PLFR4 B 7 O

PLFR4 8 8 O

PLFR4 B9O
PLFR4 9 O O

PLFR4 9 1 O

PLFR4 9 2O
PLFR4 9 3 O

PLFR4 9 4O
PLFR4 9 5 O

PLFR4 96 O

PLFR4 9 7 O

IqAIN DTAGONAT

N)
N)
Or



KK = LINC+I-KL+2
LINC = LINC+IJ
LL = IJ+KK-1
DO 1060 f, = KK, LL
DO 1060 IND = 11 3
DO 1060 INDI = 1, 3

1060 A(rND, rNDl , L) = 0"
1070 rF (rM) 1100, 1100, 1080
1080 DO 1090 J = 1, rM

IJ = IK+J
KJ = LIST (K) +J- 1

CALL ¡4LT3 (BB, 1, A, rK, STORE, KJ)
DO 1090 IND = 1, 3
DO 1090 INDI = 1 o 3

i090 A(rND, rND1, rJ) = A(rND, rND1, rJ)-BB(IND, rND1, 1)
1 1 OO CONTINUE

CALL MLTI (8, 1, A, IK, JL, K)
DO 1110 J = 1, 3

1110 JL(J, r) = JL(J, I)-B(,f, 1)
C NORMALIZE ROT\I I . MULTTPLY BY TNVERSE OF MÄ,TN DIAGONAL
C PIVOTAL ELEì,IENT RELATIVE TO KL= 1 

"1120 IL = f+1 -KL
LIST (I+1 ) = LINC+LIST (I)
CALL INV (A, IL)
rF (LINC .LE. 0) co ro 1140
fJ=IL
DO 1130 J = 1, LINC
IJ = IJ+1
IK = LIST(I)+J-1

1130 CALL MLT3 (STORE, fK, A, IL, A, IJ)
C NOR}IÀ,LIZE LOAD VECTOR I

1 1 40 CONTINUB
CALL MLTI (8, 2, A, IL, JL, r)
DO 1150 J = 1, 3

1150 JL(J, f) = B(J, 2)

PLFR4 9 8 O

PLFR4 9 9 O
PLFR5 OOO

PLFRSOl O

PLFR5O2 O

PLFR5O3 O' PLFR5O4O
PLFR5O5O
.PLFR5O6O
PLFR5 O 7 O

PLFR5 O 8 O

PLFRsO9 O

PLFR5 1 OO

PLFR5 1 1 O
PLFR5 1 2 O

PLFR5 1 3O
PLFR5 1 4 O

PLFR5 1 5 O

PLFR5l 6O
MATRIX.=IJVPLFRS170

PLFR5 1 B O

PLFR5 1 9 O

PLFR5 2 O O

PLFR521 O

PLFR5 2 2 O

PLFR5 2 3 O

PLFRs 24 O

PLFR5 2 5 O

PLFR5 2 6 O

PLFR5 2 7 O

PLFR5 2 8 O

PLFRs 2 9 O

PLFR53OO
PLFR53 1 O
PLFRs32O

N)
N)\¡



11 60 CONTTNUE
C START BACK SUBSTTTUTTON

N2 = NJ-1
rF (N2 

" LE. 0 ) cO TO 1290
DO 1180 ( = 1, N2
ï = NJ-K
KU = LIST (r+t ¡ -LIST (I)
Do 1170 J = 1, KU
IK = LÏST(T)+J-1
IJ = I+J
CALL MtTl (8, 1, STORE, IK, JL, rJ)
DO 1170 f, = 1, 3

1170 JL(L, r) = JL(L, r)-B(L, 1)
1 1 80 CONTINUB

NMM=0

C CALCULATE TOTAL END FORCES
1190 CALL ROT(CJ, Mr)

Do 1240 I\{ =
IF (MSRA (M)
TF (MSRB (M)

CALL SEI,tpL(AR, XI, C)
D(i) = 0.
D(2) = (6.*E*XI(M)/¡r,**2{. (C(1, M)+2.*E*XI(M)*C(1, M) rC(2? M),/Dt)

6DSTIF*FA(3, M)
D (3) = ( (-2. *E*XI (M) *C (1 , M)/DL) /osrrr) *FA ( 3, M)
DO 1200 III = 1, 3
D1 (rrr) = 0.
DO 1200 KKK = 1, 3

1200 D1(III) = -KBB(III, KKK)*p3(KKK, M)+D1(III)
DO 1210 III = 1, 3

1210 FEFB(rrr) = D1 (rrr¡-D(IrI)
FEFA(1) = -FA(1, M)-FEFB(1)
FEFA(2) = -FA(2' M)-FEFB(2)
FEFA(3) = -FEFB(3)-FEFB(2) *nr,-rA(3, M)
FEFA( 1 ) = FEFA(1 ) +ALPHA*E*AR(M) *TEM(M)

, Niu
cr. 2) co
LT. 3) GO

TO
TO
IF

1190
1 240
FLEXÏBLE CONNECTTONS

PLFR533O
PLFR5 3 4 O

PLFR535O
PLFR5 3 6 O

PLFR5 3 7 O

PLFRs 3 8 O

PLFR5 3 9 O

PLFRs 4 O O

Pr-¡'R541 0
PLFR5 4 2 O

PLFR5 4 3 O

PLFRs4 4 O

PLFRs 4 5 O

PLFR5 4 6 O

PLFR5 4 7 O

PLFR5 4 B O

PLFR5 4 9 O

PLFR5 5 O O

PLFR5 5 1 O

PLFR5 5 2 O

PLFR5 5 3 O

PLFR554O
) /PLFR5ss0

PLFR5 5 6 O

PLFR557O
PLFR558O
PLFR5 5 9 O

PLFR5 6 O O

PLFR561 O

PLFRs 6 2 O

PLFRs 6 3 O

PLFR5 6 4 O

PLFR5 6 5 O

PLFR5 6 6 O

PLFR5 6 7 O

f\)
N)
æ



c
FEFB( 1 ) = FEFB( 1 )+ar,pUA*EtAR(M) *TEM(M)
TRANSPOSE R
t = R(2, 1)
R(2, 1) = R(1, 2)
R(1, 2) = T
JIJ = Mr(2, M)
JF = MI(1f M)
TRANSPOSE H
H(3, 2) = 0.
H(2, 3) = DL

c

c

CALL MLT1 (8, 1, R, 1, JL, JN)
DO 1220 I = 1,3

1220 KBA(I, 1) = B (I, 1)-B (I, 2)
CALL MLTI (8, 1 , KBB, 1 , KBA, 1)
FB(M) = FB(II) + H * KBB *, (R TR *

FA(M) = FA(M) + KBB * (n TR * JL(JN) - H
CALL IV1LT3 (BB¿ 1, H, 1, R, 1)
CALL MLTI (8, 2, BB, 1, JL, JF)

H(3, 2) = DL
H(2, 3) = 0"
CALL MLT1 (8, 2, H, 1, B, 1)
DO 1230 I = 1, 3
FEFB (I) = FEFB (I) +B (I' 1 )

1230 FEFA (I) = FEFA (I) -B (I, 2)
KK = MSRA (M) -2
CALL ITERI (KK, FEFA, SLPA, CONA, NMM,
JJ = MSRB (M) -2
CALL ITER2 (JJ, FEFB, SLPB, CONB, NMM,

1240 CONTIIIUE
ITER = ITER+1
VTRTTE (JWT, 1250 ) TTER

1250 FORMAT (///' TTERATTON NO.l, 18)
DO 1260 M - 1, NM
vüRrrE (JWT,1520 ) M, C (1n M) , C(20 M)

1260 CONTINUE

f LLl t t

{.

1

1

TR * R TR * JL(JF))

PLFRs 6 B O

PLFR56 9 O
PLFR5TOO
PLFRSTi O

PLFR57 2 O

PLFR5 7 3 O

PLFR5 7 4 O

PLFR5 7 5 O

PLFR576O
PLFRs 77 O

PLFR5 7 8 O

PLFR57 9 O

PLFR5 BOO
PLFR5 8 1 O

PLFR5 82 O

PLFR583O
PLFR5 84 O

PLFR.5 B 5O
PLFR5 B6 O

PLFR5 87 O

PLFRs B 8 O

PLFRs B9 O

PLFR5 9 O O

PLFR591 O

PLFR59 2 O

PLFR5 9 3 O

PLFR59 4O
PLFR5 9 5 O

PLFRS 9 6 O

PLFR597 O

PLFR59 8O
PLFR5 9 9 O

PLFR6 O O O

PLFR6Ol O

PLFR6 O 2 O

c)

c)

N
f\)
\0



rF (rrER "Lr. 12) cO ro 1280 pLrR6ô30
!1iRrTE (JWT,1270 ) PLFR604O

1270 FoRl.'lAT (//' ALLOWABLE TTERATToNS ExcEEDED ANar,ysrs DoES Nor coN\¡ERpLFR605o
6GE , USE STIFFER CONNECTTONS I ) PLFR6O6O
Go TO 1410 PLFR6O70

1280 rF (N¡¿¡,1 "cr. 0) co ro 710 PLFR60B0C NMM=O ITERATIONS COMPLETED PLFR6O9OC CALCULATE FTNAL MEIqBER END FORCES PLFR6IOO
1290 VOL = 0. PLFR611O

wRrrE (JWT,1650) (LDTyp(LDc, r), f = 1, go) pLFR612o
C WRITE JOTNT DTSPLACEMENTS PLFR613O

WRITE (JWT, 1 7OO ) HDG PLFR6 1 4 O
bTRrTE (JVüT,1710) PLFR6150
DO 1300 L - 1, NJ PLFR616O

1300 WRITE (Jr4rT,1670) L, (JL(J, L), J = 1, 3) PLFR617OC CALCULATE MEMBER END FORCES PLFR6IBO
wRrrE (JWT,1720 ) pLFR61 90
DO 1350 !l = 1, NM PLFR620O
CALL ROT(CJ, Mr) PLFR621O
CALL SEMPL(AR, XI, C) PLFR622o
D(1) = o. pLFR623o
D(2) = (6.*E*Xr(M)/Or,**2*(C(1, M)+2.*E*Xr(M)*C(1, M)*C(2, M),/DL) )/pLFR6240

TDSTTF*FA(3, M) PLFR625O
D(3) = ((-2.*E*XI(M)*C(1, M),/Dt)/DSTIF)*FA(3, M) pLFR6260
DO 1310 rrr = 1t 3 PLFR627O
D1 (lrr) = 0. PLFR62BO
DO 1310 KKK = 1, 3 PLFR629O

1 31 0 D1 (rrr) = -KBB (rrr, KKK) *ps (KKK, M) +D1 (rrr) pLFR630O
DO 1320 rII = 1,3 pLFR631O

1320 FEFB(I]I) = D1 (III)-D(III) PLFR632O
FEFA(1) = -FA(1, M)-FEFB(1) PLFR633O
FEFA(2) = -FA(2, M)-FEFB(2) PLFR6340
FEFA(3) = -FEFB(3)-r'nre(2)xor,-¡'A(3, M) PLFR6350
FEFA( 1 ) = FEFA(1 )+ALPHA*E*AR(M) *TEM(M) PLFR636O
FEFB ( 1) = FEFB ( 1)+ALPHA*E*AR(M) *TEM(M) PLFR6370

N)
C\)o



T - R(2, 1)
R(2, 1) = R(:l , 2)
R(1, 2) = T
IF (LDG ,EQ. 1) VOL = VOL+DL*AR(M)
,IN = MI(2, M)
JF = MI(1, M)
TRANSPOSE H
H(3, 2) = 0.
tI(2, 3) = DL
FA(M)=FA(M)+KBB* (R TR *JL(JN)- H TR * R TR * JL(,]F¡ ¡
CALL MLT3 (BB, 1, Ht 1t R, 1)
CALL MLTI (8, 2t BBo 1, JL, JF)
CALL MLTI (8, 1, R, 1, JL, JN)
Do 1330 f = 1, 3

1330 KBA(I, 1) = B(I, 1)-B(I, 2)
CALL MLT1 (8, 1, KBB, 1, KBA, 1)
H(3' 2) = DL
H(2, 3) = 0.
CALL MLTI (8, 2t H, 1, B, 1)
DO 1340 f = 11 3
FB(I, 11) = FEFB(I)+B(I, 1)

1340 FA(I, M) = FEFA(r)-B(r, 2)
FA(3' M) = FA(3, M)/12"
FB(3' M) = Fe(¡, M)/12.

i350 ÞIRITE (Jr^]T,1730) M, (¡'a(r, t{), r = 1, 3), (FB(I, M), I = 1, 3)
C CA.T.CULATE AND PRINT SUPPORT REACTIONS

WRITE (JWT,1740)
DO 1400 ,J = 1, NJ
rF (rsR(,t) .EQ. 0) co ro 1400
DO 1360 IND = 1, 3

1360 A(rND, 1, J) = 0.
rM = NMIJ (J)
DO 1390 r - 1o rM
Irt = Jr(r, J)
rF (M "cE" 0) co ro 1370

PLFR638O
PLFR6 3 9 O

PLFR6 4 O O

PLFR641 O

PLFR6 4 2 O

PLFR6 4 3 O

PLFR6 4 4 O

PLFR6 4 5O
PLFR6 4 6 O

PLFR6 47 O

PLFR6 4 B O

PLFR6 4 9 O

PLFR6 5 OO

PLFR651 O

PLFR6 52 O

PLFR6 5 3 O

PLFR6 5 4 O

PLFR6 5 5O
PLFR6 56 O

PLFR6 57 O

PLFR6 580
PLFR6 5 9 O

PLFR66OO
PLFR6 6 1 O
PLFR6 6 2 O

PLFR6 6 3 O

PLFR6 6 4 O

PLFR6 6 5 O

PLFR666O
PLFR6 67 O

PLFR6 6 B O

PLFR6 69 O

PLFR6 7 O O

PLFR671 O

PLFR6 7 2 O

N
UJ
H



c
|l[ = -M
REACTION + REACTTON + R 'F TA (M)
CALL ROT(CJ, Mr)
cArL MrTl (8, 1, R, 1, FA, M)
co ro 1 380
REACTION = REACTTON + R * TB(M)
CALL ROT(CJ, Mr)
CALL MLTI (B, 1, R, 1, FB, M)
DO 1390 IND = 1, 3 .

A(rND, 1, J) = A(ÏND, 1t J)+B(rND, 1)
IVRITE (JI^7T,1670 ) J, (A(TND, 1, J) , IND = 1 , 3)

c
1 370

1380
1390

14OO CONTINUE
1 41 O CONTINUE

LDG = LDG+1
READ (JRD, i 450 rEND=1 440) (I,DTYP (LDG, I) , f = 1 ,
DO 1420 r - 1, g0
TF (LDryp (LDG, r) .NE. rNpr (1) ) co ro 540

1420 CONTINUE
!'IS = VOL*3.4/12000"
wRrrE (Jwr, 1 750 ) vor,, ws
vtRrTE (JWT, 17 60)
RETURN

1430 VIRITE (,ltnlt, 1770)
1 440 CALL EXIT
1 4 50 FORr'jAT (80A1 )
1460 FoRMAT (16, I MEMBERS" 14, ' JOINTS. MODULUS OF

êF9.1 , , (KSr) . //' THERMAL EXPANSTON COEFFTCTENT
6 STRESS)- 

" 
F10.7, //)

1470 FoRMAT (///' JOINT COORDTNATES (FT)'//' JOrNl
6 COORD RELEASES SPEC DISPL' //)

480 FORtviAT (r6 , 2F12.3 , ' SUPPORT ' , BX3F1 0.3 )
490 FORMAT (16, 2F12.3, ' SUPPORT" 6XA4)
5OO FORIqAT (/ /' MEMBER TNFORMATTONI / /' MEMBER

€AR.EA (SQ rN) IXX (rlt*x4¡ CONNECTTON A END
6 TBMPERÀ'IUF-E, //)

1

1

1

PLFR6 73 O

PLFR6 7 4 O

PLFR675O
PLFR6 760
PLFR6 77 O

PLFR6 78 O

PLFR6 79 O

PLFR6 BOO
PLFR6Bl O

PLFR6 B2 O

PLFR6 83 O

PLFR6 84 O

PLFR6 B5O
PLFR6 860

80) PLFR6BTO
PLFR6 B B O

PLFR6 8 9 O

PLFR6 9 O O

PLFR6 9 1 O
PLFR6 9 2 O

PLFR6 9 3 O

PLFR6 9 4 O

PLFR6 9 5 O

PLFR6 9 6 O

PLFR6 9 7 O

ELASTICTTY =I T PLFR698O
(FOR CALC OF TEMPPLFR6990

PLFRT O O O

X COORD YPLFRTO1 O

PLFRT O 2 O

PLFRT O 3 O

PLFRT O4 O

START END PLFRTOSO
CONNECTION B END PLFRTO6O

PLFRT O7 O

N(,
I\)



1510 FORMAT (//' CONNECTTON TNFORMATTONI//' ME¡{BER FLEXIBILTTY A
6 FLEXTBTLTTY B ENDI//)

1520 FORI'IAT (rB, F20.8, F20.8)
1530 FORMAT (318,2F.14.2,8XA10, gXA10, gX, F10.1)
1540 FORMAT (16, 6F12.3)
1 550 FORMAT (,1' /80A1 )
1560 FoRrq.AT (///', NON-ZEROJOTNTLO¡.DS, //' JOTNT pX(KrpS) py(KrpS)

E ENTKTPS)'//)
1570 FORI\4AT (r10)
15BO FORIVIAT (BOA1 )
1590 FORMAT (16, I MEMBERSI, Ï4, I JOINTS" MODULUS OF ELASTICTTY =I

8F9.1, ' (r.St)t//' THERMAL EXPANSTON COEFFTCTENT (FOR CAI,C OF
E STRESS)- 

" 
F10.7, //)

1600 FoRMAT (///, JOINT COORDINATES (E'r)'//' JOÏNT X COORD
r cooRD RELEASES SPEC DISPLT //)

1610 FORMAT (r6, 2F12.3t ' SUPPORT" 9X3F10"3)
1620 FORMAT (T6, 2F12.3t I SUPPORT', 6XA4).
1630 FORIIAT (//' MEMBER INFORMATIONT//' MEMBER START END

rEA (SO rN) rXX (rN**4) PTNNED ENDS TEMPERATLJREI//)
1640 FOzu.{AT (3r8, 2F14.2,9XA4, F10.1)
1 650 FORMAT ('1'/ B0A1 )
1660 FORMAT (///', NON-ZERO JOÏNT LOADST //t JOÏNT pX (KrpS) py

6PS) MOM(Fr KrPS)'//)
1670 FORMAT (r6, 6F12.3)
1680 FORMAT (///', NON-ZERO MEMBER LOADS'//t MEMBER LOAD TypE

EIZ VERTTCAL DIST FROM START MEMBERI//)
1690 FORMAT (15, 10XA4, 3F10.2)
1700 FoR-¡,IAT (//1X20A4, //' RESULTS ' )
1710 FORI{AT (/ / ' JOINT DTSPLACEMEñIS' / / | JOTNT X

6 ROTATTON'//)
1720 FORMAT (///', MEI4BER END EORCEST //t MEMBER', 16X' START', 25X. ENPLFRT38O

ED'// 11x'AXTAL', 6x'SHEAR', 5x'MoMENTr, 6x'AXÏA¡' ? 6x'SHEAR' , 6x'MopLFR7390
ET,IENTI //)

1 730 FORMAT (r6, 6F1 1 .3 )
1740 FORMAT (//// ' SUPPORT REACTTONS'// ' SUPPORT TTORTZONTAL

ENDPLFRT O 8O
PLFRT O9O
PLFRT 1 OO

PLF'R71 1 O

PLFRT 1 2 O

PLFRT 1 3 O

MOMPLFRT 1 4O
PLFRT 1 5O
PLFRT 1 6 O

PLFRT 1 7 O

, PLFR71 g0
TET4PPLFR719O

PLFRT 2 O O

YPLFRT 2 1 O

PLFRT 2 2 O

PLFRT 2 3 O

PLFRT 2 4 O

ARPLFRT 250
PLFRT 2 6 O

PLFRT 27 O

PLFRT 2 8 O

(KTPLFRT 2 9 0
PLFRT 3 O O

PLFR731 O

HORPLFRT 320
PLFRT 3 3 O

PLFRT 3 4 O

PLFRT 3 5 O

Y PLFR736O
PLFRT 3 7 O

PLFRT 4 O O

PLFRT 4 1 O

VERTIPLFRT 4 2 O

t\)
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6CAL MOMENT'//) PLFR7430
1750 FoRMAT (//' TorAL voLUI,N oF MEMBERS rN FRÄME'/' TS', F15.1r I cupLFRT44o

8BIC IN',/' WEIGHT IF FRÀME ISz'/ ' STEEL , , F10.3, ' KIPS'PLFR745O
S) PLFR746O

1760 FORMAT (//' uNrrs: DTSTANCES = FT, RorATroNS = RADT.ANS , '// ' pLFR747O
E FORCES = KIPSr I4OMENTS = FT K, CROSS SECTIONAL D]MENSIONS'PLFR748O
E/ /' = TNCHES ' /' 1' ) pLFR7A 90

1770 FoRMAT (///' 1 INPUT ERRoR oN DATA cARDr, 14, I,cHEcK rNpur') PLFRT5OO
END pLFR751 0

C *{< * * ** ¡{< t {,,F ** * *,k:t:k* *{< *¡F *t ** * * t,F +*rl. * d<* * * *,1. * t *:l(rl. {<* *¡F rfi,F,+ *:F *'F * t*t t* * * *SEMP0 O 1 O

c SEMPO O 2 O

C SUBROUTINE SEMPL SEMPOO3O
c SEMP0040
C 'lc,F t * * lt *,þ * t t,F * * * d( t {( rttlc ¡l(,ft:t:lc * * rF * * rfi,ft * * d. * * i. {.,¡ {. * t * * * t * * âF rl.,f ,lC rF:f rl(* t* trt * * * * * SEMPO O5 0

SUBROUTTNE SEMPL(AR, XI, C) SEMPOO6O
REAL KBB(3, 3), KBA(3, 3) SEMP0oTO
COMMON EI M, DL/SPL/]KBBI DSTTF SEMPOOSO
DT¡{ENSION AR(1), XI(1) SEMPOO9O
DfruENSroN c(2, 1) SEMP0100
DSTIF = 0. SEMPO1 1 0
DSTIF = DST]F+1 .+4,*E*Xr(l,t),ZOr,*(C(1, M)+C(2, M)+3.*E*Xr(M),ZOr,*(C(1SEMP0120

E, M)*C(2, M))) SEIVtpOl3O
DO 10 f = 1,3 SEIvIp0140
DO10J=1,3 SEMPOI5O

10 KBB(I, J) = O. SEMPOI6O
KBB(1' 1) = AR(u)*n7o" SEM'OITO
KBB(2, 2) = 12.*E*XI(M)/DL*,1 3 SEMp01g0
KBB(3, 3) = 4.*E*XI(M)/DL SEMpOI9O
KBB(3,2) = -6.*E*XI(M)/DL**2 SEM''2OO
KBB(2, 2) = KBB(2, 2)*(1 .+E*XI(M)*C(1, 14)/or,+n*XI(M)tC(2, M)/DL)/ SEMP0210

êDSTIF SEMpO22O
KBB(3, 3) = KBB(3, 3)*(1"+3.*E*xr(M)*C(1, M)/Dt)/oSrr¡, SE¡4pO23O
KBB(3, 2) = KBB(3, 2)*(1"+2.*E*Xr(M)*C(1, ¡1)/ot),/OSrrr SEMPO240KBB(2,3) = KBB(3, 2) SEMPO25O
RETURN SEMPO26O

¡v
(¡Jè



c
c
c
c
c

END SEMpO270
,rt ,|< ,t * * * {( r|( * * * àF * ,F {< ,F ¡t * ì& rt ,1. ,k rf * * ,! * * * ,|( * ,lc * ,k ,ft,|( * ,F ¡|( ,ft * * tt * t tr ¡* t * * ,1. + * * * * rt * ,ft * ,t ,¡ * ,t * CVRT 0 O 1 O

cvRT0 02 o
SUBROUTTNE CNVRT CVRTOO3O

cvRTo 0 4 0**)t,k,l.tìlrF:t:fi**,ß**¡F*d<,h*rt{<**{(**t**t***,ft*t,l.t*,t**r¡*t**.*:ßlt*,¡,ft¡Í{(,F,|.*lt,|(*t{(*CVRT005O
SUBROUTTNE CNVRT(NN, T1 , 12) CVRTOO6O
TNTEGER*2 rNp(90), rN(S)/'0" '9" ro" , 

" 
t-'/ cvRTooTo

coMMoN E, M, DL, JRD, JWT, FN(14), rNp cvRToo8o
.J = 10tI2+1 CVRTOO96IFL = l2-r.1 +NN CVRTO 1 0 O10 FK = 0. cvRTo110
lr-4 r cvRT0i 20
T-^L _ u cvRT0130
Do 50 f = 1t 10 CVRT014O

-4rr - Lr-r cvRT0150rF (rNp(,J) "xn" rN(3)) co ro 20 cvRr016o
FK = EK/1 0. **L CVRTO1 70
?-^! - U CVRTOIBO
GO TO 50 cvRTolgo20 rF (rNP(J).r,r. rN(1).oR. rNP(J) .cr. rN(2)) coTo30 cvRro2oorJ = rNP ( J) /256+1 5 gvRT021 OL - L+1 CVRT022O
FK = FK+IJ*1 o. **L/10 " cvRTo23o
cO To 50 CVRT024030 rF (INP(J) .NE. IN(5)) co ro 40 cvRrO2sO
FK = -FK CVRTO260co ro 50 cvRT027o40 IF (INP (J) .EQ" IN(4) ) co ro 50 cvRro2BOI{ = 0 çvRTO2gO
GO TO 50 CVRTO3OO50 CONTINUE CVRTO31 O60 FN(IFL) = FK*K CVRT0320IFL = TFL-1 CVRTO33OrF (NN "NE. 1) cO TO 70 cvRT034o

N)
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rF (rFL .GT. 0) cO TO 10 cvRT0350
GO TO B0 cvRTo36o70 rF (rFL .Gr. 6) cO TO 10 cvRT0370

80 CONTINUE çVRT03B0RETURN cvRTo3goEND çVRT04O0** tc * * * *,k * {< *c *:|< * * * * * * * * * * {< * t ¡lc * * * *,t * * *:,F,k,F * *,þ * t *,k,*,t,f ¡F ¡rr,|< * r&:t( * * *,|( * * * * *,. *GENC0 01 O

GENC0020
SUBROUTINE GENCUR GENCOO3O

GENC0040
*******r<****lt***{<{<¡t****4(****>l**d.*ck*****¡rt***,|(,t,F,ßt,1.}t,k**,k,1.**,t{.¡F*,f**GENC005O

SUBROUTINE GENCUR(KK, JJ, CI SIPA' SI'PB, CONA, CONB) CENCOO6O
COMÌ,ION E, 14, DL, JRD, JWT, FN(14) GENCOOZO

c
C
c
C
c

DrMENSrOl.r SLPA(1), sLpB(1) , coNA(1) , CONB(1) GENCOOBO
TNTEGER'I.2 TNP(BO) GENCOO9O

P1 = FN(Z) GENC0 1 1 0P2 = FN(B) CENCOI2O
P3 = FN (g ) CENCO1 30

GENCO 1 4 0P4 : FI.l(10)
GO TO (10, 20,30, 40, 50, 60, 70,90, g0, 100, 110), KK GENCO15010 C(1, M) = 10.*10.tt25 6ENC016Oco To 120 GENC0iTO20 C(1, M) = FN(Z) cENc01B0
GO TO 120 GENCOI 90
DOUBLE I.,/EB ANGLE CONNECTTONS GENCO2OO30 coIìA(I,'i) = (1 ./p1**2.4)*(p2x*1"6)*(1 ./p3,r.*.23) cENc021o
sLpA(M) : 3.66*CONA(M)*.0001 GENCO220C(1, M) = SLPA(M) GENCO23O
GO TO 120 GENCOz4O
SINGLE WEB ANGLE CONNECTTONS GENCO2SO40 coNA(M) = (1 ./p1**2.4)*(1 ./pZ**1"81)*(p3'r,'f,"1S) GENC0260
SLPA (M) = 4 "?9*CONA (l,t) * " OO 't .ENC027 0C(1, M) = SLPA(M) cENc02B0
GO TO 120 GENC O2gO

Drr{ENSTON C(2, 1) GENCOI0O

N)
U)
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HEAÐER PLATE CONNECTIONS
50 CONA(M) = (1 ./p1**2.3)*(p2r,x1.6)*(1 ./p3**1 .6)*(1./p4**"5)

SLPA(M) = 5. 1 *CONA(t't¡ *'. 00001
C(1' M) = SLPA(M)
co To 120
TOP AND SEAT ANGLE CONNECTTONS

60 coNA(tvr) = (1./p1**.5) * (1. /pZx*1.5) *(1. /pZ,**1.1) *(1. /p4** "7)SLPA(M) = 8.46*CONA(l,l) *.0001
C(1, M) = SLPA(M)
co To 120
END PLATE CONNECTIONS WITH NO STTFFNERS

70 CONA(M) = (1./pl**2.4) * (1./P2**.4) *(1. /pS,t,*1 "1)SLPA(M) = 1.83*CQNA(u)*"OO't
C(1' M) = SLPA(M)
co ro 120
END PLATB CONNECTTONS WITH STTFFNERS

80 coNA(M) = (1 ./p1**2.4)+(1 ./P2**.6)
SLPA(M) = 1.79 tCoNA(M) *.001
C (1 , M) = SLPA (M)
co ro 120
T- STUB CONNECTIONS

90 coNA(M) = (1./p1*t1.5) *(1./p2**.5) *(1.,/p3**1.1) r (1./p4**.7)
SLPA (14) = 2 .11*coNA (M) * . 00 01
C(1' M) = SLPA(M)
co ro 120

INSERT I^JELDED TOP PLATE AND SEAT .ANGLE CONNECTTONS HERE
100 coNA (M) = 1 .

SLPA(M) = 1.
c(i, M) = SLPA(M)
GO TO 120

110 c(1' M) = o.
120 CONTTNUE

P5 = FN
P6=FN
P7=FN

11
12
13

GENC0 3 00
GENC031 0
GENC0 3 2 0
GENC0 3 3 0
GENC0340
GENC0350
GENC0 36 0
GENC 03 7 0
GENCO3SO
GENC0 3 9 0
GENCO 4 O O

GENCo41 0
GENC0420
GENC0430
GENCO44O
GENCO 4 5 O

GENC0 46 0
GENCO 47 O

GÐNCO 4 B O

GENCO 49 O

GENCO 5 O O

GENCO5l O

GENCO 52 O

GENC0530
GENC0540
GENC0550
GENC0560
GENC0570
GENCO5BO
GENCO59O
GENC0600
GENC06 1 0
GENCO 6 2 O

GENC0630
GENC0640

t\)(,
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PB = FÌü(14)
co ro (130, '140, 150, 160, 170, 190, 190, 200,210p 220,230)

130 c(2, M) = 10.*10.**25
co ro 240

140 c(2, l'1) = FN(11)
GO TO 240

150 CONB(M) = (1./pSx*2.4)x(p6**1 "6)*(1 "/pl**"23)SLPB(M) = 3.66*QONB(M) *.0001
C (2 | M) = SLPB (M)
co To 240

160 coNB(M) = (1./ps**2.4)*(1./p6**1 "81) *(p7*r"15)
SLPB(M) = 4.28*CQNB(M)*"001
C (2, M) = SLPB (14)

GO TO 240
170 coNB (M) = (1 ./p5*t2.3)* (p6**1.6) * (1 ./p7**1.6) * (1 ./pB**.5)

SLPB (M) = 5. 1 *C9NB (M) * . 000 01
C (2 | M) = SLPB (lU)
co To 240

180 CONB(Il) = (1 ./pS**.5) *(1. /p6**1.5) *(1. /pZ,**1.1) t(1. /p8**.7)
SLPB (M) = B. 4 6 *CONB (tt,t) 't' . 0001
C (2 , 14) = SLPB (Iu)
GO TO 240

190 coNB(M) = (1 ./P5**2.4)*(1./P6**.4)*(1. /pl**1.1)
SLPB (M) = 1 . 83 *C9NB (U) * . OO 't

C (2 , M) = SLPB (M)
co ro 240

200 coNB (i{) = (1 . /pS**2.4 ) * (1 . /P6** .6)
SLPB (M) = 1.79 *CONB (M) *.001
C (2 , M) = SLPB (M)
co ro 240

210 coNB (M) = (1 ./VS* *1.5) * (1. /p'*q..5) * (1 ./p7**1 .1) * ( 1 ./pB**.7)
SLPB(M) = 2.1i *SONB(M)*.0001
C (2 , M) = SLPB (M)
co ro 2tt0

INSERT I^IELDED TOP PLATE .AND SEAT ANGLE CONNECTIONS HERE

GENC06 5 0
JJ GENCO66O

GENC0670
GENCO6SO
GENC0690
GENC0700
GENC071 0
GENC0 72 0
GENC0730
GENC0740
GENC0750
GENC0 7 6 0
GENC 077 0
GENCO 7 8 O

GENCO 7 9 O
GENCOBOO
GENCOBl O

GENCO B2 O

GENCOB3O
GENCOS4O
GENCOB5O
GENC O B6 O

GENCOBTO
GENCO B B O

GENCO B9 O

GENCO9OO
GENC091 0
GENC0920
GENC0 9 3 0
GENC09 40
GENC0 9 5 0
GENC0 9 6 0
GENCO9TO
GENCO9BO
GENC0990

N)(,
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220 CONB(M) = 1. cENCI0OO
SLPB(M) = 1. GENC101O
C(2, M) = SLPB(M) GENCIO?O
cO TO 240 6ENCI O3O

230 C(2, M) = 0. GENC104O
240 CONTINUE .GENC1 O5O

RETURN GENCI 060
END GENCI 070

*( * 4< * * ,t< ,k * rl. ,lc * * * rk r& ,F * ,ft d< * ¡t * * + tt * rk rF )t * * {< ,k * * }t ,t * ,i( * rl. * ,k ,t * {( ¡F * * :{. :t * t ,1. :¡ ,fi * * ¡F * * ,F {. ,f * ITE RO O 1 0
ITERO O 2 O

SUBROUTTNE ITERÀT ]TEROO3O
ITEROO4 O

It* ** *,F,* * * * * *,lc * * * *t( * t,k*,F,F * d< * *,h t ì!( *,þ t ¡F * * * * rt r* t t& *,F * *,! r*,t ,l. t * * *:|(,t * 't t * * t|.,|( * ITERO O5 0
SUBROUTTNE TTERÄ,T TTEROO6O
COI{MON E, M ITERO 07 0
DIMENSION C(2, 1) ITEROOBO
ENTRY ITERI (KK, FEFA, SLPA, CONA, NMM, C) TTEROO9O
DIMENSION SLPA(1 ), CONA(1) ITERO1OO
DIMENSION FEFA(3) TTEROI 1 O

ABFA = ABS (FEFA(3) ) ITEROI 20
PHIOA = ABFA*SLPA(M) ITERO130
PHrlA = 0. rTERol4o
co ro (10,2a,30, 40, 50, 60,70,90), KK rrER0150
DOUBLE I^/EB ANGLE CONNECTTONS ITEROI6O

10 PHIlA = PHIlA+3.66't (CONA(M)*eera)*.000i+1.15,t (coNA(M)*aera) **3* ITERo17o
6. 000 001 +4 .57 'tê (coNA (M) *a¡r'a) *t 5* . 00000001 

'TER'1 
I0

GO TO 90 ITERO19O
SINGLE hTEB ANGLE CONNECTIONS ITERO2OO

20 PHIlA = PHIlA+4.28*(CONA(M)*ABFA) *.001*('t .45*(CONA(lt),r*tO)'t*3)*( rTERO210
6.1**9) + (1 .51* (CONa(m) *aeFa) **5) * (. 1**16) rTERo22O

GO TO 90 ITERO23O
HEADER PLATE CONNECTIONS TTERO24O

30 PHIlA = PHIlA+5.1*(CONA(M)+e¡na)*"00001+6.2*(CONA(M)*e¡r'e)**3* ITER025O
t.0000000001 +2.4 * (CONA (lu) xaeFa) **5* 

" 0000000000001 ITERO26O
co ro 90 rrER027O

c
c
c
c
c

N.)(,
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TOP AND SEAT ANGLE CONNECTTONS
40 PHIlA = PHIlA+8. 46* (CONA(M) *ABFA) *. 0001+1 " 01 :t (CONA(M) *ÀBFA) *{.3*

6. 0001 +1 .24* (CoNA (¡l) *asra) **5*. 00000001
co ro 90
END PLATE CONNECTTONS V,IITH NO STTFFNERS

50 pHrlA = pHIIA+1 
" B3,r' (CONA(M) *aera) *. OO1-1 .04*. (coNA(M) *eera) ¡l(,t,3*

6. 0001 +6.38* (coNA (M) *aera) **5* 
" 00000 1

co ro 90
END PLATE CONNECTIONS WTTH STTFI'NERS

60 PHIlA = PHIlA+1 .79'r (CONA(M) *aeFa) t.001+1 .76* (coua(M) *aere):{c*3:r
€.00 01+2.04t (col'Ia (M) *aeFa) **5*.0001
co ro 90
T-STUB CONNECTTONS

70 PHI l A = PHr l A+2.1 1 'r (COITA (M) *eeFa) * . 0001+6 .2,F (coNA (M) *aene) *r3*(
6. 000001 -7 . 6'l' (coNA(M) *aeFe) **5*. 000000001
co ro 90

INSBRT WELDED TOP PLATE AND SEAT ANGLE CONNECTIONS HERE
8O CONTTNUE

GO TO 90
90 DELPHI = PHIIA-PHIOA

TERPHI = DELPHT/PHI1A
rF (ABS (TERPHT) . LT. .05 ) cO TO 190
sLpA(M) = (pHr0A+.5*DELpHr) /ABFA
C(1' M) = SLPA(I'i)
NItfM = 1

RETURN
ENTRY rTER2 (JJ, FEFB, SLPB, CONB, NMM, C)
DTMENSTON SLPB (1 ) , CONB (1 )
DIMENSION FEFB(3)
ABFB = ABS (FEFB (3) )
PHI0B = ABFBTSLPB (M)
PHIIB = 0.
co ro (100, 110, 120, 130, 140, 150, 160t 170) | JJ

100 PHIl B = PHrl B+3.66* (CONB (M) *eeFS) * 
" 0001+1 " 15,r. (coNB (l,t¡ *¡"r") **3¡l.

6. 000001+4 . 57{' (coNB (M) *aere) ** 5*. 000 00001

ITERO 2 8 O

ITERO 2 9 O

TTERO 3 O O

ITERO3 1 O

ITERO 3 2 O

TTERO 3 3 O

ITERO 3 4 O

TTERO 3 5 O

TTERO 3 6 O

ITERO 3 7 O

ITERO 3 8 O

ITERO 3 9 O

ITERO4OO
ITERO 4 1 O

ITERO 4 2 O

ITERO 4 3 O

ITERO 4 4 O

ITERO 4 5 O

ITERO 4 6 O

rrERo 4 7 0
TTERO 4 B O

ITERO 49 O

ITERO 5 O O

ITERO 5 1 O

ITERO 5 2 O

TTERO 5 3 O

ITERO 5 4 0
ITERO 5 5 O

rrER0560
TTERO 57 O

ITERO 5 B O

ITERO 59 O

rTER0 6 0 0
ITERO6 1 O

ITERO 6 2 O
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co ro 180 TTERO63O
110 pHrlB = pHflB+4.29,r(coNB(M)xaere)*.001+(1.45*(coNe(M)*aere)ìr*3){c( ITERo64o

6.1**9)+ ( 1.51r (CONB (M) *a¡re) **5) * (.1**16) rrERo65o
GO TO 1 BO ITERO66O

120 pHIIB = pHTIB+5.1*(CONB(M)*aene)*.00001+6.2't (CONB(M)*aere)**3* TTERO6TO6-0000000001+2.4t(CoNB(M)*aere)**5*.0000000000001 rTERo6SO
co ro 1 80 rrER069O

130 PHIlB = PHIIe+8.46*(CONB(¡¿)xasFe)*.0001+1.01*(coNB(M)*egFe)*s3* ITER070o
6.0001+1 .24* (coNB (¡l) *esFe) **5*.00000001 TTEROTI O

cO To 1 B0 TTEROT2O
1 40 PHIl B = PHrlB+1 .83* (CONB (M) *eSre) *.001-1 .04* (coNB (M) *eare) *r3* rTER073O

t.0001+6.38* (coNB (M) *e¡¡'e) **5*c.000001 rrER074O
cO To 1 80 TTEROTsO

150 PHIl B = PHII s+1 .79*'(CONB (iq) *agre) * 
" 001+1 .7 6* (CONB (M) *ee¡e) *t3* TTEROT6O

6.0001+2.04*(coNB(M)*eere) *'r's*'!.0001 rrERO770
Go To 1 B0 TTEROTBo

160 PHIiB = PHrlB+2.1 1*(CONB(M)*aere) *.OOO1+6.2*(CoNB(rq)*aers)**g* rTERoTgo
6" 000001-7 .6* (coNB (ta¡ *¿""") * *5* 

" 000 000001 ITERO BOO
GO TO 180 TTEROBIO

INSERT WELDED TOP PLATE AND SEAT ANGLE CONNECTIONS HERE TTEROE2O
170 CONTINUE ITEROB3O

GO TO 1 BO ITEROB4O
180 DELPHT = PHrlB-PHroB rrERo8so

TERPHI = DELPHI/PHI1B ITEROB60
IF (ABS (TERPHI) .T,T. .05) CO TO 190 TTEROBTO
SLPB (14) = (pHr0B+.5*DELpHr) /ABFB TTERO8BO
C (2 , M) = SLPB (M) ITERO B9O
NMM = 1 ITER09OO

1 90 CoNTINUE ITER091 ORETURN rrERog2o
END rrERog3o

ìk,k * * r.* * * {<*,F t,F rk * * * * rklt * rF* * * * *rF * * *t ** *rF t* rF ¡|c,|c r|< rl. rF *:1. *rft,|tr|<,1.}¡ *,t rFrF * ¡F,¡,1. *rlc *rt *MLT1 OO 1 O

MLrl 0020
SUBROUTTNE MLTI MLTI OO3O

MLrl 0040

c
C
c
c
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tl * ¡h * t< rl. * * rk r¡ rF * rF * r& * '* * ¡k * * r|< ,F ¡|( ¡1. t ¡* * * * * * ¡,þ ¡k r* * * t * * t rft * t * r* ,1. ,|C t ,t ,lc {( * d{ ¡t rf ìt( * ,|( ,lr t ,t * * *MLT 1 0 O 5 O

SUBROUTINE MLTI (C, NC, A, NA, B, NB) MLTIOO6O
DTMENSTON A(3, 3, 1), B(3, 1), C(3, 1) MLT1OO70
DO 20 r - 1, 3 ¡,lLT1 0OBO
suM = o. MLT1009O
DO 10 ( = 1, 3 MLT10100

10 SUM = SUM+A(I, K, NA)*,91140 NB) MLT1011O
20 C (r, NC) = sUM MLTI O12O

RETURN MLTI 01 30
END MLTI 0140

** *,F * * *¡1. * tt + * t* ** t,F,l.* *'F *,F ** t * * {<,k'f :& ll ** }***,t*}ir * t }i(*tt( *t *rk ir¡$ *l\ rftrl. t¡ }¡rt rtrl. {(* *MLT3 0O 1 O

SUBROUTINE MLT3 ilIi33333
MLT30040

t**trF:&*,1.*{<*:F***t,F****c{<***'F,1.'k**********ìr*,fit*,1.*,1.!¡*tt*,1.*ìt,1.*:t(*t*,Ft**,t(*}.1LT30050
SUBROUTTNE MLT3 (C , NC ,' A, NA, B , NB) MLT3 OO 6 O

DTMENSTON A(3, 3, 1), B(3, 3, 1), C(3, 3, 1) MLT3OO70
DO 20 I = 1t 3 ULT3O0BO
DO 20 J - 1, 3 MLT3OO9O
SUM = 0. I{LT30100
DO 10 ( = 1, 3 ¡¿LT30110

10 SUM = SUI4+A(I, K, NA) *.31*, J | ¡TB) MLT3O12O
20 c(r, J, t'ic) = suM MLT3O130

RETURII MLT3 01 4 OEND MLT3O1 50
* >k,F * * * {< rk:* *:|< * *,ß * * * rF ¡þ * * rF * * rF * ** * * ** * * * * {< * *,& * * * ìr,F,ft,1.,F * * t t *:1. * * â1. {( ¡{. * }i( rft t t *ROT 0O 1 O

ROT 0020
SUBROUTTNE ROT ROT OO3O

ROr 0040
* * * * r(,F ¡* r** rtrt * rlr* {<* rl. *c * {(¡þ * * * rF* ** rt(*,k * * * + * * lr * rFt t* * ¡trt rl. * ¡* ¡ft t,l.* t* lt rf lt * t * * åF rl. *ROT OO 5O

SUBROUTINE ROT(CJ, MI) NOr 0060
REAL KBB(3, 3), KBA(3, 3) ROT 0070
coMMoN E, M, DLIRT/COSA, SINA, R(3, 3), H(3, 3) ROT 0090
INTEGER*2 MI ROT OO9O
DTMENSTON CJ(2, 1), Mr(2, 1) ROT O10O

c
c
C
c
C

c
c
(-

c
C

N)
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THIS SUBROUTINE BUTLDS THE ROTATTON MATRIX FOR MEMBER M ROT 01 1 OI = MI(1, M) ROT OIZOJ = MI(2, M) ROT 0130
X = cJ ( 1, J) -CJ(1 , I) ROT 01 40! = c.r(zt J)-cJ(z, r) ROT O15O
DL = SQRT (X*X+Y*Y) ROT 01 60
cosA = x/DL ROT O17O
SINA = Y/DL RoT olBOR(1' 1) = COSA ROT 0190
R(2, 1) = SINA ROT O2O0
x = ABS(COSA) ROT 0210
R(2, 2) = X ROT OZ2OrF (x) 20, 10, 20 ROT o23o

10 R(1, 2) = -1. RoT 0240
IF (srNA .LT. 0. ) R(1, 2) = 1. RoT 0250
COSA = 1. ROT 0260R(3, 3) = 1. Ror ozTO
GO TO 30 ROT O28O

20 R(1, 2) = -COSA*SINA,/X ROT 0290
R(3, 3) = COSA/X ROT O3OO

30 H(3, 2) = DL ROT 0310
RETURN ROT O32O
END ROT 0330

*t*'&*tc'k*'kd<{c,lc¡|(tt**¡1.***tF***¡|(*t****t}*{o¡rlÉ{(¡|(**,1.*,Fr*r!*rl.*r|(,1.tìt*rlt,l.,Fr¡t{.*r¡,¡ttTRSp0Ol 
O

TRSPOO2O
SUBROUTTNE TRÀNSP TRSPOO3O

TRSPOO4O
*{<rk***,|(***{(*{.¡t*r,k**ìki.{.*rl.¡1.*}i<**,k*,fi**{(***rFrkrt,Ft¡¡*¡t*t{.¡1. lr,f*tt*t,1.*t*t*,t,*{.*TRSPOO5O

SUBROUTINE TRANSP (A, B) TRSPOO6O
THÏS SUBROUTTNE INSERTS A TRANSPOSE TNTO B (3*3) TRSPOOTO
DTMENSTON A(3, 3), B(3, 3) TRSPOOBo
DO10f=1r 3 fRSp009O
DO 10 J = 1, 3 TRSPOIOO

10 B(J, T) = A(T, J) TRSPOI1O
RETURN TRSPOI 20

c
c
c
c
c
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END TRSPOI 30
C *)k*****'F**'t{(*****d<¡ft,fi*,þ**{(**{.***{.*àft**:*,F*,1.}t,krkìl ,t,lr**rl.àft**rl.***tt**rl.t,F**INV 001 O
c TNV OO2OC SUBROUTINE TNV TNV OO3Oc rNV OO4O
C *t**{<**lk***{(¡t**t*t*********tft¡ft:ft,f*******rF,ft,1.{(,1.*tt¡1.*r¡*rtr*t*t*rF***r¡à¡**tINV 

OO5O
SUBROUTINE TI{V(A, ]J) TNV 0060
DTMENSTON A(3, 3, 1) rNV 0o7o
DO 50 [i[ = 1,3 INV OOBO
D = A(N, N, IJ)
Do 20 r = 1, 3 iilY 3?33rF (D .cE. 1.E50 "AND. A(N, J, rJ) .LE. 1"850) GO TO 10 rNV 0110A(N, J, IJ) = -A(N, J, IJ)/D INV O12O
co To 20 rNV 01 30

10 A(N, J, IJ) = 0" INV O14O
20 CONTINUE INV 01 50

DO 40 f = 11 3 INV 01 60rF (N .EQ. r) GO TO 40 rNV o17O
DO 30 J = 1, 3 tNV OlgOrF (N .EQ. J) cO TO 30 rNV O19OA(I, Jt rJ) = A(I, J, IJ)+A(T, N, IJ)*41¡, J, IJ) INV O2O0

30 CONTTNUE rNV O21O
40 A(r, N, rJ) = A(r, N, LJ)/D , rNV O22OA(N, N, rJ) = 1./D rNV o23O
50 CONTINUE TNV 0240RETURN TNV O25OEND rNV 0260

'r tEOF * *
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