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Abstract

The behaviour of steel frames may be significantly affected by the moment versus

rotational deformation behaviour of its beam-to-column connections. Connection

behaviour is generally non-linear and difficult to model analytically. The factors

affecting connection behaviour are discussed as well as the factors affecting frame

behaviour. Analytical models that are applicable to a general set of connection

geometries are not yet available. Nor are empirical models based on the more than 300

available experimentally measured con¡ection M-þ data sets. Thus, the most practical

method to model connection behaviour is to cuwe-fit the experimental moment-rotation

data for various specimens. 274 sets of experimental data are curve-fitted using a

powerful six parameter function, This representation of connection M-$ behaviour is

suitable for incorporation into a ftame analysis computer program that accounts for non-

linear ftame behaviour. To obtain a graphical illustration of the range of connection

behaviour, envelopes of connection M-{ curves for several coÍìmon comection types are

superimposed on the Eurocode3 connection classification boundaries. Connections often

account for a significant part of the construction cost ofa steel frame and many geometric

options are afforded the designer. A standardized set of conîection geometries and a

connection designation system that may ultimately reduce construction costs are

proposed in this study. A structural analysis computer plogram that accounts for

connection deformation is used to examine the effects of comection behaviour on overall

frame behaviour. A sensitivity study is conducted on a three bay, three story ûame to

illustrate the effect ofconnection behaviour on overall frame behaviour.
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Nomenclature

A member cross-sectional a¡ea

a distance of concentrated load from A end ofbeam AB

b length ofbeam AB

DA displacement vector at A for beam AB

Dh out-of-planedisplacementvector

D,i in-plane displacement vector

E modulus of elasticitY

G shearing modulus

I, torsional constant

Iyy second moment ofarea about principal axis y-y ofcross-section

K,A,{ stiffness matrix at A for beam AII

KD first order elastic stiffness matrix

K" geometric stiftress matrix

ml torsional moment about X,-axis

m2 bending moment about X¡axis

Mo connection reference moment of Richard-Abbott function

ltÇ beam plastic moment

n shape parameter of various curve-fitting functions

n,, n, shape parameters of modified Richard-Abbott function

pr force component in X, direction

Pot fìxed end fo¡ce vector at A end for beam AB

p¡.2 force component at A for beam AB

P",t fixed end force vector in X, direction at B end ofbeam AB

Pu" out-of-plane force vector

Pui in-plane force vector

SB connection stiffness at B end

S" initial slope parameter of Richard-Abbott function

Se final slope parameter of Richard-Abbott function
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Nomenclature (cont.)

displacement in X, direction at A end of beam AB

connection rotation about Xt-axis

reference rotation of connection of Richard-Abbott
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1. Introduction

1,1 Bacþround

The beams and columns of a typical steel building frame generally exhibit linear, elastic

behaviow at service load levels and somewhat beyond. Conversely' typical beam-to-

column connects display nonlinear behaviour accompanied by plastic deformation that

often begins at low load levels. There are numerous studies to indicate that nonlinear

connection behaviour may significantly influence frame stiffuess and intemal force

distribution (ÉIuang and Monis, 1993; Ang and Monis, 1984)' Nevertheless, because

connection behaviour is difücult to predict accurately and because non-linear structural

analysis is more complex than traditional linear analysis methods, canadian steel design

specifications mandate that beam-to-column connections be heated as either 'Îigid" for

continuous construction or "pinned" for simple construction (CSA 1989).

The significant measure of connection behaviour is the relationship between the flexural

moment, M, applied to the connection by the beam ftaming into it and the resulting

rotational deformation, $, in the cor¡rection. Thus, connection behaviour is usually

defined by the moment-rotation, or M-$, relationship. Various attempts to predict the

moment-fotation behaviour of typical connection types have been made. "standardized"

functions expressed in terms of the connection geometric parameters (Nethercott, 1990)

work well only for a limited range of connection types and geometries'

For economic reasons the steel indushies in several counties have attempted to

standardize the geometries of steel beam-to-column connections. The unified European

code, Eurocode3 (1990), includes a classification system that describes a connection in

terms of its strength and stiffrress. In Canada, there is some degree of standardization.

This is in the form of limiting thickness, gauge, pitch, etc. to sevelal nominal dimensions.



Thus, standardization exists for the geomehic parameters but not for the overall

corurection. If there were a standard menu of connection types, a single designation

would define all of the pertinent parameters for each connection. Thus, it would be

possible to have a menu of standard connections analogous to the menu of standard w-

sections found in the Handbook of Steel Construction (CISC, 1993).

If this timited menu were adopted, the number of connection geometries encountered in

design would be relatively small. Thus, it would be possible to develop reliable M-Q test

data for all of the standæd connections in the menu. These data could then be curve-

fitted using a reliable fl.rnction. One such function is a modified version of the Richard-

Abbott function @ong, 1994). The curve-fitting parameters of this function could then

be incorporated in a computer program that analyzes ftames with nonlinear connection

behaviour.

This thesis incorporates the elements described above. That is, a standardized

designation system for 8 typical connection types is proposed, the versatility of the

modified Richard-Abbott function is demonstrated and the available experimental data

are curve-fitted to this function. All that is required is to acquire mofe test data for

connection geometries that match the proposed standard designations and to curve fit

them.

The benefit of such an approach will be improved economy because of standard

connection components and possibly greater safety tlrough more realistic modeling of

steel frame structues.

1.2 Assumptions and Linitations

The curve-fitting portion of this study is limited to the available experimental data. No

laboratory testing was done as part of this study'



The computer program used in this study is modified ftom an existing program (Ang'

1983; Huang, 1994). The assumptions and limitations of that computer program fall into

tlree categories:

1. Assumptions and limitations relating to individual members:

a) all members are prismatic and sttaight

b) buckling of individual members is ignored

c) columns are either rigid or pinned at their base

d) all members behave linearly elastically

e) floors act as rigid diaphragms for resisting in-plane forces

I small deflection theory is employed except when calculating column stifûress

matrices

g) the effect of column panel zone deformation is ignored.

2. Assumptions and limitations relating to the connections:

a) connections are located at the intersection of the beam and column centre lines

b) only the flexural moment-rotation behaviour is considered

c) dimensions of the connections are assumed to be negligible.

3. Assumptions and limitations related to the whole structute:

a) while only static loading is considered, sequential, non-proportional loading

systems can be accommodated

b) lateral loads are applied at floor levels only'

1.3 Scope ofStudy

A summary of corurection fo¡ce-deformation behaviour and the factors that affect it is

presented. The history of connection research is summarized, with reference to the

following specifi c topics:



i) bare steel connections,

ii) composite connections,

iii) cyclic loading and

iv) the effect of connection behaviour on ftame behaviour.

The various curve-fitting approaches that have been used are described and connection

classification systems are described.

Three mathematical functions suitable for modelling connection M'Q behaviour are

analyzed and compared. These are the Ramberg-Osgood, the Richard-Abbott and the

modified Richard-Abbott functions. The capability, weaknesses and benefits of each

function are discussed in detail.

The approach that is used to model the moment-rotation behaviout of connections using

all of the available test data and a powerful curve fitting function, the modified Richard-

Abbott function, is described. The experimental data are curve-fitted and classified using

the Eurocode3 classification system and envelopes are presented that allow designers to

develop a "feel" for the range of strength and stif&ress ofa given connection type.

A menu of standard connections for eight commonly used connection types is presented.

A justification for the use of standard connections is presented as well as a summary of

current standardization practice in Canada, Australia and the United States. Standæd

connection geometries are presented for the following types:

i) single web angle connection,

ii) single plate connection,

iii) double web angle connection,

iv) header plate con¡ection,

v) top and seat angle connection,

vi) flush end plate connection,

vii) top and seat angles v¡ith double web angle connection and



viii) extended end plate connection.

A methodology for the analysis of flexibly connected steel ftames is given. The

structural model used in the study is described, the element and structural stif&ress

matrices are assembled and the analysis procedure accounting for non-linear cofflection

behaviour is presented. The computer progfam that performs the analysis is introduced

and the program input and ouþut are described.

Example structures arc analyzed using the program' A typical structue is analyzed using

connections whose M-$ curves conespond to the upper and lower boundary of moment-

rotation behaviour of the standardized connection types described above. The goal of this

approach is to demonstrate how sensitive ftame behaviour is to the rarige of M-O

behaviour for comections of the same type.

1.4 Objective

The actual moment-totation behaviour of all connections is between the two extremes:

fully rigid and pinned. The ultimate moment capacity of connections is also highly

variable. Canadian steel design specifications mandate tlat beam-to-column connections

be treated as either "rigid" for continuous construction or "pinned" for simple

construction (CSA 1989). The computer analysis pro$am developed in this study

permits the nonJinearity of connections to be accounted for when analyzing frames.

Thus, if dependable moment-rotation behaviour were available for a standard set of

connection geometries it would be simple for designers to analyze steel ûamed structures

more accwatey. Thus, the objective of this thesis is to demonstrate that the non-linear

behaviour of beam-to-column comections in steel frames can be accounted for in design

with minimal effort.



2. Summary of Connection Behaviour and Research

2.1 Connection Behaviour

2.1.1 Force-Deformation Behaviour

Figure 2.1 shows a typical beam+o-column con¡ection in a steel building Êame. It

experiences, at most, six force components: beam axial force, p,, vertical and horizontal

shear components, p, and pr, torsional moment, m, and bending moments, m2 and mr, and

six conesponding deformation components: three linear deformations, ôt, ô, and ô, and

th¡ee rotational deformations, 0t, Ö, md 0,

The in-plane deformations, ô,, ð, and Q, are negligibly small because each floor can be

assumed to act as a rigid diapbragm. They and the conesponding force components, pr,

p, and m2 are thus normally ignored in ftame analysis. Rigid diaphragm behaviour is

assumed because the floor beams are bonded to the slab that is assumed to have infinite

in-plane stiffrress. The torsional stiffrress of the typical connection is much gteater tìan

that of the typical W-section. Therefore, the torsional moment, m' and the torsional

deformation, $,, are small and are usually ignored. It is commonly assumed that the

shearing deformation, ôr, and the shearing force, pr, have negligible effect on the

behaviour of the ftame.

Thus, it has been the usual practice to consider only the flexural moment, m, and the

corresponding rotational deformation, þr, when analyzing the force-deformation

behaviour of connections. The relationship between these two components is commonly

referred to as the M-þ, or moment-rotation, behaviour of the connection. Figure 2'2

shows an elevation view of a beam-to-column connection loaded by flexural moment, M,

which produces a corresponding rotational deformation, Q, assumed to be concenhated in

the connection. For analysis pulposes, the beams and columns are usually modeled as



line elements and the cornection deformation is assumed to be concentrated at the beam

end - that is to say at the beam-to-column intersections.

2.1,2 Factors Affecting Connection Behaviour

The seven commonly used beam-to-column connection types shown in Figure 2.3 (a)

through (h) are considered in this study. They are respectively:

1. Single Web Angle/ Side Plate Connection,

2. Double Web Angle Connection,

3. Header Plate Connection,

4. Top and Seat Angle Connection,

5. Top and Seat Angle Connection with Double Web Angles,

6. Flush End Plate Con¡ection and

7. Extended End Plate Connection.

The moment-rotation behaviour of a typical connection is intermediate between the two

exhemes; rigid and pirured. At the serviceability limit state almost all connections

display nonJinear behaviour. According to chen and Lui (1986) the five factors that

contribute most significantly to non-linear behaviour in connections are:

l. bolt slip, even at service load levels, for snug tightened bolts,

2. localized yielding in flexure ofthe connection elements and the beam and column

in the vicinity of the connection,

3. localized yielding due to bearing stresses between the connected elements,

4. local bucking of the webs and flanges of the beam or column,

5. defomration of the coûiection which can cause the initial geometry to be altered

significantly.

All connections are able to develop some moment resistance. Lewitt et al' (1969)

demonstrated that connections which aÌe haditionally considered to behave as pinned can

develop as much as twenty percent of the moment resistance of the connected beam'



For all connection types, the M-$ behaviour depends largely on the following factors

(Jones et. al.,1982; Morris and Packer, 1987):

1. bolt size and material properties

2. gage of. the fasteners to the face of the column

3. angle or plate thickness

4. depthofthebeam

5. length ofthe angle or plate

6. presence or absence of column stiffeners

7. thickness of column flange or web

8. material properties of the beam, column and connection

Below is a summary of the effect of the specific geometric parameters on each connection

(Monis and Packer, 1987).

lal Web Ansle Connections

Angle thickness and length, the number of beam web bolts and the thickness of the

column flange have the most significant effect on the M-Q behaviour of web angle

connections most significantly. For double web angle connections the gage distance of

the column-flange bolts also affects the M'Q behaviour.

lb) Side Plate Connection

Side plate con¡ections are similar to web angle connections except that the end of the

plate is welded to the column flange. Plate thickness and length, the number of beam

web bolts and the thickness of the beam web have the most significant effect on the M-þ

behaviour of side plate connections.

lcl Header Plate Connection

Plate thickness has the primarily effect on the M-þ behaviour ofheader plate connections.

The length and the gage of column flange bolts also have a small affect on the



connection's behaviour. The connection is welded to the web of the beam and bolted to

the flange of the column.

ldl Too and Seat Anele Connection

The thickness of the angle and the distance ûom the heel of the angle to the column-

flange bolts have the most significant effect on M-Q behaviour for top and seat angle

connections. Top and seat angle connections can be fully bolted or bolted to the beam

and welded to the column.

lel Flush End Plate Connection

Plate thickness, the distance ftom the tension flange to the first ¡ow of bolts and the gage

of the end-plate to column-flange bolts have the greatest effect on M'{ behaviour offlush

end plate connections. The presence of column web stiffeners can increase moment

capacity. Flush end plates have a relatively large moment capacity because the plate is

welded to the flanges and the web of the beam.

(f) Extended End Plate Connection

The M-{ behaviour for the extended end plate connection is similar to that of the flush

end plate connection except that the longer moment arm produced by extending the plate

increases the initial stiffiress and the moment capacity. Therefore, the plate thickness, the

distance ûom the outside the beam flange to the fust row ofbolts inside the beam flange

and the gage of the end-plate to column-flange bolts also affect the M-$ behaviour for

extended end plates. Extended end plate connections are welded similarly to flush end

plate connections.

2.2 ConnectionResearch

connection research has focused on the load testing of various connection types and the

construction of theoretical models to predict the observed M-þ behaviour. The first



systematic theoretical, anal¡ical and experimental treatment of connections was

presented by Graham et al. (1959).

2.2.1 Studies of the Behaviour of Bare Steel Connections

Batho and Rowan (1934) and Rathbum (1935) conducted tests on riveted corurections

attempting to veri$ their models of connection behaviour. Home (1958) and L.G.

Johnson (1959) tested welded connections. They proposed simple design rules based on

observed failure pattems. Munse (1959) and Schultz (1959) tested bolted connections

using high strength bolts under static and dynamic loading. Johnson et al. (1960),

Charlton (1960) and Sherboume (1961) tested bolted connections in the plastic range.

Lewitt, Chesson and Munse (1966) predicted moment-totation curves based on available

experimental data. Sommer (1969) performed tests on double web angles and header

plate connections. N. Krishnamurthy (1978) analyzed the effect of prying action on

bolted connections.

Since 1930 there have been approximately 300 tests of beam-to-column connections for

which the complete sets of moment-rotation data are available. A summary of moment-

rotation tests, indicating the connection type, researchers and the number of specimens, is

presented in Table 2.1. There have been many more tests on connections but the

complete moment-rotation data are not available for them.

2.2.2 Conposite Connections

The behaviour of composite beam-to-column connections has attracted recent intelest. In

composite connections the beam is attached to the concrete slab by shear studs. The

stiffrress differs from that ofa bare steel connection because the concrete slab adds to the

flexural stif&ress of the beam. There is a limited amount of test data for composite

cornections. Therefore, a model of the moment-rotation behaviow of cornposite

connections is not yet available.
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Joh¡son and Hope-Gill (1970) tested composite beam-to-column connections. Van

Dalen and Godoy (1981) made comparisons between similar composite and bare steel

con¡ections. Leon et al. (1987) conducted full scale tests of composite beam-to-column

con¡ections. Bemuzzi et al. (1991) tested composite connections unde¡ monotonic and

cyclic loading. The results of this research indicate that the presence of reinforcing steel

around the column gives the connection a much higher moment capacity than would be

the case for non-composite construction.

Because ofthe increasing use of composite connections in practice it is desirable for more

research to be conducted in this area to demonstrate the impact of composite coffiections

on ftame behaviour.

2.2.3 Cyclicloading
Wind or seismic loading may cause fluctuations, or even reversals, in the moment applied

to a connection. Cyclic loading tests of several connection types have revealed the type

of M-{ behaviou¡ illustrated in Figure 2,4, The unloading portion of the curve can be

approximated as the double mirror image of the initial loading curve. The unloading

stiffrress is thus approximately equal to the initial loading stiffrress.

Because researchers have concentrated on monotonic loading there are few research

results available on the cyclic behaviou¡ of connections. However, cyclic loading M-Q

data presented by H. Krawinkler et al. (1981) suggest that the unloading branch ofthe M-

Q curve approúmates a double mirror image of the loading branch.

2,2.4 EfÍect of Connection Behaviour on Frame Behaviour

Deformations of connections contribute to frame displacements which affect the intemal

force distribution and amplifi lateral displacements. The effect of deformable

connections on frame behaviour can be more significant than that of axial and direct

shearing deformations in beams and columns and even "P-Â effects", yet, connection
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behaviou¡ is accounted for only crudely in most design specifications. The Canadian

Standards Association, CSA standard CAN 3-S16.1-M-89 Limit States Design of Steel

Structures, recognizes two construction types for steel frames: continuous and simple

construction. The American Institute of Steel Construction, AISC standard (LRFD) Load

and Resistance Factor Design specification (AISC, 1986) also recognize two construction

types: fully-reshained and partially restrained. While the AISC recognizes deformable

connections it gives little guidance on how to design for them. On the other hand, the

European specification, Eurocode3 (1990), requires connection behaviour to be accounted

for explicitly and accurately.

Connection deformation contributes to lateral drift, ampliffing the P-Â effect, thus

affecting stability. This is shown in the work of Ang and Monis (1984), Bijlaard and

Zoetmeijar (1986), Lindsey (1987), Kishi and Chen (1989).

Perfectly pinned connections transfer no moment to the columns but connections with

even a small amount of stiffrress may transfer significant moment. Ackoyd (1987)

showed by analyzing frames under gravity load that the assumption of pinned

connections can lead to over-design of beams and under-design of columns. Batho and

Rowan (1934) concluded that savings in beam weights can be achieved by taking into

account the end restraint provided by connections.

As a ûame is loaded progressively the stiffiress of the connections gradually decreases.

This affects the end reshaint provided to the columns and therefore their effective

lengths. Because column strength depends on the effective length, connection behaviour

affects the strength of the column it is connected to.

Analyzing frames assuming non-lineæ connections under non-proportional loading yields

different results compared to those obtained assuming rigid or pinned connections. This

is due to residual intemal forces that leave permanent deformations afrer the removal of
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lateral load. Deirline (1991) showed that after the elastic "shake down" state is achieved

further cycling ofthe wind load produces smaller subsequent wind drifts.

The behaviour of connections subject to cyclic loading also affects frame behaviour.

Identical connections at different locations of a ftame may be at different stages of

loading. Therefore, one connection may be at its initial loading stage while another

connection is unloading.

Batho and Rowan (1930) proposed a beam line method to predict frame behaviour. J'F.

Baker (1931) and J.C. Rathbum (1935) proposed a slope-deflection and modified

moment distribution method. Lothers (1950) published a paper that presented elastic

restraint equations.

In the 1960's the use of high speed computers permitted ftames to be analyzed using the

direct stiffrress method and matrix algebra. Goble (1963) and Le Messurier (1974)

proposed computerized methods that assume linearly elastic connections with varying

rigidities. Fry (1971) used Sommer's method to model connection behaviour and account

for it in a planar ûame analysis program. Bose (1972) formulated a finite element model

to investigate the effect of geometric parameters on connection behaviour and derived

simple design equations for the strength and stability of column webs. Moncarz and

Gersle (1981) analyzed ftames under non-proportional loading. Ang and Monis (1983)

created a three-dimensional ûame analysis program that incorporated nonJinear

connection behaviour. Huang and Monis (1993) created a similar three-dimensional

tame analysis program, permitting non-proportional loading, for use with micro-

computers,

By the 1970's the research became more specific. Romstad and Subramanian (1970)

studied frame buckling using bilinear approximations to the moment-rotation behaviour.

Dawe et al. (1974) analyzed the effect of eccentic loading. Driscoll (1976; 1982)

proposed methods to account fo¡ loss of end restraint due to stifftress reduction of loaded

t3



coffrections. Jones, Kirby and Nethercot (1979) analyzed the effect of semi-rigid end

restraint on the strength of steel columns.

2.3 Modeting M-$ Behaviour Using Curve Fitting Techniques

2.3.1 Analytical Functions

One approach to the modeling of connection behaviour has been to curve fit

experimentally-measwed moment-fotation data for a given connection to an analytical

flrnction. As illushated in Figure 2.5, the simplest types of models are linear models suoh

as the ones proposed by Rathburn (1936), Monforton and Wu (1963) and Lightfoot and

LeMesurier (1974) and a bi-linear model proposed by Tarpy and Cardinal (1981)' A

number of anal¡ical functions have been proposed, such as: the Ramberg-Osgood

function (1943), the Richard-Abbott fi.¡nction (1975), the exponential model by Lui and

Chen (1986), the power model by Kishi and Chen (1990) and the modified Richard-

Abbott function by Dong (1993).

For the linear model shown in Figure 2.5 the stiffrress of the connection is æsumed to be

constant throughout its loading range. This model does not leplesent how the connection

stif&ress is gradually degraded as load inc¡eases. Thus, it does not represent the

connection behaviour adequately as it approaches its ultimate limit state.

The bi-linear model, also shown in Figure 2.5, addresses this limitation by using a second

straight line with a reduced slope at a particular transition moment. This model is not

suitable for connection types that have non-linear moment-lotation behaviour throughout

their entire range.

Kishi and Chen (1990) developed the following three-parameter power firnction, plotted

in Figure 2.5 to model moment-rotation data based on initial stifftress and ultimate

moment capacity:
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M=

where: R¡ is the initial connection stiffrress,

n defines the sharpness ofthe curve,

$" is the plastic rotation'

The plastic rotation is defined as a ratio of the ultimate moment capacþ, lvf. and the

initial con¡ection stiffrress, R*r. The function has no final slope parameter. Therefore, it

cannot be made asymptotic to a specific final slope. This model allows the initial

stiffness to be obtained directly.

while Ramberg and osgood (1943) developed their three-parameter function to model

stress-strain data, the function has been used also to model moment-rotation cuwes. Ang

and Monis (1984) used it in the following form to model connection behaviour in a three

Rn0

t"("

2.1

dimensional frame analysis program:

o =ryl,.lrul"-'l
O" 

- t"t" l'-(u"/ j
where: M. is a reference moment value and

)J

K is a dimensionless scaling factor.

This function has the same weakness as the Kishi-Chen fl¡nction in that it has no final

slope parameter.

The Richard-Abbott function (1975) shown in Figure 2.5 is more acculate and versatile

than the Ramberg-Osgood function. This function requires four parameters to desffibe

its shape. Attiogbe and Monis (1988) used the following form of the function to model

moment-rotation behaviour.
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where: S, defines the final slope of the curve.

The pæameter, So gives the Richard-Abbott fimction the advantage of having a final

asymptote.

The modified Richard-Abbott function developed by Dong (1993) has the form shown in

F,q.2.4.
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2.3

In addition the four Richard-Abbott parameters it uses shape parameter' n, and an

ultimate rotâtional deformation, $,,, The additional parameters give the modified fl¡nction

more versatility than the Richard-Abbott fl¡nction. The modified function allows for

reversals of curvature and can be made tangent to the final slope at a specific abscissa.

2.3.2 StatisticalMethods

Statistical methods such as least-squares and the cubic B-spline methods have been used

to curve fit M-$ data. The least-squares regtession model requires minimizing the sum of

the squared deviations of data points from the regression line. However, because the

regression line may peak and hough within the range of the function, this method may

produce inaccurate connection tangent stifftresses' The cubic B-spline method proposed

by Jones et al. (1971;1982) involves dividing the M-{ data into a number of subsets' A

cubic B-spline curve is then fitted to each subset, The conthuities of the first and second



derivative must be enforced at the boundaries between the subsets. The disadvantage of

this method is that is requires a large number of parameters to define the resultant

moment-rotation fr¡nction.

2.3.3 ParametricStudies

Parametric studies, where the curve-fitting function parameters are expressed in terms of

the geometric parameters of the con¡ection have been attempted. Examples of such

parametric models are polynomial ñ¡nctions by Sommer (1969), Frye and Monis (1975)

and Radziminski (1988). These paramehic models have not been successful for the wide

range of possible connection geomehies.

Sommer (1969) developed a patametric method in which moment-rotation data for

double web angle connections were curve-fitted to a polynomial function expressed in

terms of the beam depth, the angle thickness and the bolt gage. Frye and Monis (1975)

used all of the available moment-rotation data sets to derive "standardized" polynomial

functions for the seven commonly used connection types. Radziminski et al. (1988) used

a similar polynomial ñmction to gene¡ate moment-rotation curves for top and seat angle

connections with double web angles. Sommer's procedure was used by Ang and Morris

(1984) to express the Ramberg-Osgood fr¡nction parameters in terms of the important

connection parameters.

2,4 Classification Systems for Connections

2.4.1 Typical Moment-Rotation Behaviour

As illustrated in Figure 2.6, the common connection types exhibit a wide range of initial

stiffiresses and ultimate moment capacities. The moment-rotation curve for a perfectly

rigid connection would lie along the vertical axis while that for a perfectly pinned

corurection would lie along the horizontal axis. As the figure shows, all of the moment-

rotation cuwes are nonlinear and fall between the two extremes: rigid and pinned. For
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design purposes it would be desirable to have a method of classi$ing a connection in

terms of stifûress and strength. That would permit an initial analysis based on assumed

classes of connections. Bjorhovde et al. (1988) and Bijlaard et al (1991) have proposed

classiñcation systems. A connection classification system is also described in the

European Community design code Eurocode3 (1990).

2.4.2 Bjorhovde Classification System

Figre 2.7 shows the classification system proposed by Bjorhovde et al. This system

considers three con¡ection characteristics: initial stiffrress, strength and ductility. A

connection is classified as rigid, semi-rigid or flexible depending on its initial stifftress.

The boundæies between the th¡ee classifications are bi-linear. The vertical axis is

defmed as a ratio between the applied moment, M and the plastic moment of the beam

section, N4o. The horizontal axis is defined as a ratio between the rotational deformation,

Q and the plastic rotation, 0o that is defined as the ratio between the initial slope, So and

the plastic moment, VL. Tht initial slope is a function of the effective beam length, Lu

that corresponds to the initial cornection stiffrress, S" and the flexural rigidity' EI:

s^ = 
EI 2.5"L"

The effective length is expressed as a multiple ofthe beam depth, d:

Le = c¿d

Therefore, the initial connection stifûress is defined as:

., -EI 2'7ùo =---;
cto

As indicated, flexible corurections fall below the boundary defined by o=10 and may

hansfer a maximum of 20% of the beam plastíc moment, lut. Th" rigid connection

boundary is defined by o=2 and the connections transfers greater than 70% of lvIo. Semi-

rigid connections transfer between 20% and 70% of I'tI, with an initial stiffrress between

the rigid and flexible boundaries. The rotational deformation that is required is defined

by the ductility demand, which is bæed on test data.

2.6
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2.4.3 Eurocode3 Classification System

The Eurocode3 (1990) Clause 6.96 defines connections in terms of strength and stiffness.

Figwe 2.8 illustrates the Eurocode3 classification system. The vertical axis is the

normalized moment, M/lr{p. The horizontal axis is the normalized rotation, $/Qo, where Qo

is the plastic rotation, defined as:

M-Lr,[: P" 2.8yp _ 
EIu

where: Lo is the length of the beam and

Io is the moment of inertial of the beam.

Connections are classified as rigid, semi-rigid or nominally pinned. The system uses two

tri-linea¡ boundaries to define the rigid-semi-rigid boundary: one for braced ûames and

the other for unbraced frames. The nominally pinned region defines very flexible

connections and is bounded by a straight line. A connection is designated ñrll-strength if
its maximum moment resistance equals or exceeds the plastic moment capacity of the

beam and partial shength if it does not. The code mentions the need to check the

ductility requirement of the connection but offers little guidance. Clause 6.9.7.3 states

that the procedures used to calculate rotation capacity must be verified by test data.

However, Clause 6.9.6.3 (4) states that when the moment resistance of the connection

exceeds the plastic moment resistance of the beam by twenty percent the rotational

capacity need not be checked.

2.4.4 Bijlaard Classification System

The classification system proposed by Bijlaard et al' (1991) is a combination of two

systems described above. Like the Eurocode3 system it distinguishes between braced and

unbraced ftames but the connection stiffuess is expressed in terms of the ratio of the

flexural rigidity, EI, and the lenglh, L, ofthe beam.
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Table 2.1 Summary of Connection Tests

Tvpe Author
#of

Tests

Single Web Angle
Single Web Angle
Single Web Angle
Web Side Plate
Web Side Plate
Double r eb Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double Web Angle
Double 'lVeb Angle
Double Web Angle
Double Web Angle
Double 'üeb Angle
Double Web Angle
Double Web Side Plate
Double Web Side Plate
Double Web Side Plate
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
Top and Seat Angles
T&SWithDWA
T&SwithDWA
T&S\,/ithDWA
T&SwithDWA
T&SwithDWA
T&SwithDWA
T&SwithDWA
Flush End Plate

Lipson (1968)
Lipson (1977)
Lipson et al (1980)
Thompson et al (1970)
Richard et al (1982)
Batho et al (1934)
Rathbum (1936)
Hechtman et al (194?)
Bell et al (1958)
Munse et al ( 1959)
Lewitt et al (1969)
Sommer (1969)
Thompson et al (1970)
Bergguist (1977)
Bennetts et al (1978)
Birkemoe et al ( 1978)
Mansell et al (1981)
Bose (1981)
Ricles et al (1982)
Wing et al (1982)
Bjorhovde (1984)
Redwood et al (1984)
Radziminski (1987)
Janss et al (1987)
Davison et al (1987)
Onuah et al (1987)
Rauscher et al (1990)
Pham et al (1982)
Aggarwal et al ( 1986)
Patrick et al (1986)
Rathbum (1934)
Batho et al (1936)
Hechtmann et al (1947)
Maxwell (1981)
Bose (1981)
Van Dalen et al (1982)
Marley et al (1982)
Hotz (1983)
Janss et al (1987)
Davison et al (1987)
Batho et al (1934)
Young et al (1934)
Rathbum (1936)
Hechtman et al (194?)
Zoetemeijer (1974)
Azizinamini et al (1985)
Davison et al ( 1987)
Oshander (i970)

30
43
33
1.,

4
3

7
4
4
4
6
4
48
J
)
)
8

I
I
t2
l0
20
18
4
I

20
24
5

I
16
5

10
12
12
I
I

26
3',7

4
3
)
4
l8
I
4
20
,

24

20



Table 2.1 Summary of Connection Tests (cont.)

Type Author
#of

Tests

Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Flush End Plate
Header Plate
Header Plate
Header Plate
Header Plate
Header Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Bxtended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Ext€nded End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plats
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate
Extended End Plate

Zoetemeijer (197 4)
Zoetemeijer et al (1975)
Bose ( 1981)
Monis et at (1981)
Mann et al (1981)
Zoetemeijer (1981)
Phillips et al (1981)
Jenkins et al (1984)
Davison et al (1987)
Kukreti et al (1987)
Sommer (1969)
Benetts et al (1978)
Pham et al (1982)
Kennedy et al (1984)
Davison et al (1987)
Sherboume (1961)
Johnson et al (1960)
Bailey (1970)
Surtees et al (1970)
Zoetemeijer (1974)
Packer et al (1977)
Ioannides (1978)
Dews (1979)
Grundy et al (1980)
Johnstone et al (1981)
Zoetemeijer (1981)
Zoetemeijer (1981)
Tarpy et al ( l98l)
Bahia et al (1981)
Moore et al ( l98l )
Jenkins et al (1984)
Zoetemeijer et al (1984)
Aggarwal et al ( 1985)
Zandonini et al (1985)
Janss et al (1987)
Davison et al (1987)
Kalyonov et al (1989)
Chasten et al (1992)
Ghobarah et al (1992)

6
12
1

4
6

23
5

3
5

8

20
)
7
8

I
5

1

26
6
8

5

6
J
)
8

10
5

t6
20
4
3
4
6
l8
4
6
4
7
4
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Figure 2.1 Force and Deformation Components of a Con¡ection
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Figure 2.2 Planar View of Moment-Rotation Characteristic
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3. Comparison and Analysis of Curve Fitting Functions

3,1 Introduction

In this chapter three of the most versatile curve fitting fi¡nctions that have been used to

model connection M-0 data are analyzed and compared. The th¡ee functions are the

Ramberg-Osgood (1943), the Richard-Abbott (1975) and the modified Richard-Abbott

function (Dong, 1994). They are compared on the basis of their ability to model various

shapes of curves and the modified Richard-Abbott function is shown to be more versatile

than the other two. The first and second derivatives of these functions were derived using

the Mathematica2.2.2 computer software (1994). These derivatives permit an analysis of

the slopes and cuwah¡res of the fi¡nctions, and the locating of points of maximum

curyature, regions of little or no curvature and points ofreversal of curvature.

3.2 Ramberg-Osgood Function

3.2.1 Characteristics of the Ramberg-Osgood Function

The Ramberg-Osgood function uses three parameters to describe it: Mo, So and n.

Rotational deformation, $ is expressed as a function of the applied moment, M. The form

of the Ramberg-Osgood function is as follows:

o=rr¡¿r=u[*l-4"-'l 3.1' " s"[ \M"/ )

where: Mo is a reference moment,

So is the slope parameter and

n is a shape parameter.

Plots of the Ramberg-Osgood function for three different values of the shape parameter, n

are presented in Figure 3.1. The figure demonshates that the slope parameter, So, is the

initial slope of the plot only when n= 1. The initial slope of the plot increases as the shape



parameter, n, increases. Thus, for values ofn greater than one the slope parameter does

not define the initial slope of the plot. When n=1 the curvature is zero and curvatue

increases as n increases,

Figure 3.2 illushates the effect of the slope parameter, So, on plots of the function.

Increasing So while holding M" and n constant results in an increase in the slope of the

plot and an increase in the magnitude of the moment. lncreasing the reference moment,

Mo does not result in a steeper plot but does increase the magnitude of the moment as

Figure 3.3 illustrates.

3.2.2 Derivafives of the Ramberg-Osgood Function

In Equation 3.1, the rotational deformation, $ is expressed in terms of the applied

moment, M. In order to develop expressions for the first and second derivatives of the

M-0 function it is most convenient to express moment as a ñrnction of rotational

deformation. To that end, the derivatives were determined using the following equations:

1

M'lò) =
0'(M)

M"tò) = I

0'(M'(0))

Then, using the Mathematica software, derivatives were computed as follows:

The first derivative (slope) was

',,, =[i;['.[#J"'].#[,.(#J"')]'

The second derivative (cuwature) was

3.2

3.4
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As illustrated in Figure 3.4 (a), when n is greater than one the Ramberg-Osgood plot is

concave downward. Figures 3.4 (b) and (c) show plots of the slope and the curvature,

respectively of the Ramberg-Osgood curves in Figure 3.4 (a). The slope and curvature

confirm the fact that as parameter n increases, the Ramberg-Osgood curves become

increasingly sharp. It can be seen from Figure 3.4 (c) that the location of maximum

curyature migrates away from the origin as the parameter n increases and that the

magnitude ofthe curvature decteases rapidly as rotational deformation increases.

3,2.3 Shortcomings of the Ramberg-Osgood X'unction

The shortcomings of the Ramberg-Osgood Function include the following:

I. The function does a poor job of fitting curves that are approximately bi-linear. As

illustrated by the plots in Figure 3.1, while the cuwature increases as n increases,

the curve takes on an increasingly "round" shape.

2. The initial slope, So, cannot be explicitly specified since the shape parameter, n,

affects the initial slope of the curve.

3. A "final slope" for a Ramberg-Osgood cuwe cannot be specified.

4. Although it is most convenient to have M expressed as a function of 0, in the

Ramberg-Osgood function Ö is expressed as a fi¡nction of M.

5. The Ramberg-Osgood plots with negative cuwature (concave down) can have only

one point of maximum curvature. Thus, the function camot accurately fit data that

require multiple points of maximum curvature .
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3.3 Richard-AbbottFuncúion

3,3,1 Characteristics of the Richard-Abbott Function

Defined in terms of four parameters, the Richard-Abbott function plots a curve thaf

expresses M as a function of$, as follows:

M(ó)= . -g{!¿L.Z+spo
[,*¡rs" -solol"l'
[ ( Mo ))

where: Mo is a reference moment,

So is the initial slope ofthe plot,

So is the slope of a final asymptote line, and

n is a shape parameter.

As illustrated in Figure 3.5, the function plots as a cuwe that has an initial tangent slope,

So, and is asymptotic to a final asymptote line at a large value of $. Mo is the moment at

which the final asymptote line crosses the vertical axis. The final asymptote is defined by

M=Mo+SpÖ. The figure illushates the effect of variation in the shape parameter, n, on the

shape and sharpness ofthe curve, As n increases, the curvature of the plot increases and

the cuwe approaches a bi-linear shape.

Figure 3.6 demonstrates that parameter So defines the slope of the final asymptote and

thus the slope of the "tail" of the cuwe. Figure 3.7 demonstrates that when So is smaller

than So and M" is negative the curve is concave upward.

3.3.2 Derivatives of the Richard-Abbott Function

The derivatives of the Richard-Abbott function in Equation 3.6, derived using the

Mathematica software, are as follows:

The first derivative is

3.6
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3.7_ (so -sp)
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The second derivative is

M,,(0)=*(,.*)lì/(ts":!prg'z"'[,.¡u"-*¡"11*/")

,1s" -sol3 [(s" -so)ol"-2[, -¡ts" -sol0l"1-('.%) 3.8+(l - n) ------;-- I ------:-- r il+l-r I J'u
MoZ ( Mo / [.'( Mo ))

_z(s" -so)2 
f 

(so -so)o'ln-r[,*¡ts" -solol"'1-('.X)
Mo I Mo / ['( Mo ))

Depending on the choice of the four curve fitting parameters the Richard-Abbott fl¡nction

can produce the following four types ofcurve:

1. negative curvanüe with point of maximum curvature at origin, O<nll, So>Sp and

Mo>0

2. negative curvature with point of maximum curvatüe away from origin, n>1, So>So

and Mo>O

3. positive curvature with point of maximum cuwature at origin, 0<nll, So<Sp and

Mo<o

4. positive curvature with point of maximum curvature away from origin, n>1,

So<So and Mo<O

3l



Figure 3.8 (a), (b) and (c) show plots of the Richa¡d-Abbott flrnction and its first and

second derivatives, for the case where So > So and for five different values ofn. Figure

3.8 (b) confirms that as n increases the initial portion of the curve approaches the initial

asymptote more and more closely, Figure 3.8 (c) demonshates that as n increases from

0.5 to 8.0, the point of maximum curvature migates from the origin to a point with an

abscissa of approximately Mo/ So, the abscissa of the break point on the conesponding bi-

linear curve.

Figure 3.9 shows the nearly perfect bilinear shape of the Richa¡d-Abbott ñrnction for

n=30. Figure 3.10 shows the curvahue diagrams conesponding to a range of n values

between 10 and 60. As n becomes larger the "spike" in the curvature diagram becomes

increasingly pronounced and the magnitude of the maximum curvature increases.

For concave upward curves, such as those shown in Figure 3.11, as n increases through

positive values the point of maximum curvature again migrates from the origin to an

abscissa corresponding to the intersection of the initial tangent line and the final

asymptote line. It has been observed that the cha¡acteristics of the Richard-Abbott curves

with positive curvature are similæ to those of conesponding ones with negative

curvature,

3.3,3 Shortcomings of the Richard-Abbott Function

The shortcomings of the Richard-Abbott function include the following:

l. The fi¡nction does not model well curves that have a "rounded" shape. Curves with

a somewhat rounded shape approach the final asymptote line only at large Q values

and the cuwe is not very close to the final asymptote line.

2. The function can have only one point of maximum curvatüe. Thus, it cannot

model cuwes with a reversal of curvature.



3.4 Modifred Richard-Abbott Function

3.4,1 Characteristics of the Modified Richard-Abbott F unction

The Modified Richa¡d-Abbott function, presented in Eq. 3.9, is defined i¡ terms of the six

parameters, So, Sp, Mo, 0r, n¡ and n2.

+ Sp0

where: So, So and Mo are as defined for the Richard-Abbott flurction,

n2 corresponds to n in the latter, '

Qu is the "ultimate" rotational deformation, and

n¡ is an additional shape parameter.

3.4.2 Capabilities of the Modified Function

When the shape parameter, n1 is zero Equation 3.9 reduces to the Richard-Abbott

ñrnction. Thus, while the Modified function can duplicate the Richard-Abbott ñ¡nction,

because it incorporates two additional parameters it is more versatile than the latter in the

following significant ways:

1 Whereas the Richard-Abbott curve approaches the final asymptote only at a large Q

value, the plot ofthe Modified function is tangent to the latter line at abscissa {u.

2. The function can model cuwes that have a reversal of curvature.

3. The function can model curves that have two points of maximum cuwature.

Since the Modified function approaches the final asymptote tangentially at a specific

point this line can be ¡eferred to as the final tangent line. Figue 3.12 shows plots of the

Modified function approaching the final tangent line at th¡ee different values of Qu.

Shown in the figure æe the initial tangent line and the final tangent line. By changing the

value of the ultimate rotation, Q", the point at which the cuwe contacts the final tangent

3.9M=
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line can be controlled. The top curve shows the fi.¡nction for Qu=6.5, the middle curve for

0u=0.75 and the lower curve for $u=l.

Figure 3.13 shows the following five types of curves that the Modified function is capable

of modeling:

Type 1- Cuwes where the initial slope, So is greater than zero, the final slope, So is

smalle¡ than So and is greater than zero, the shape parameter n1 is negative and

the shape parameter n2 is positive.

Modified Parameters: So=5, So=0.1, Mo=0.5, $u:1, n¡:-5 and n :1

Type 2- Curves where the initial slope, So is small, the final slope, So is negative and

the shape parameters n¡ and n2 are positive.

Modified Parameters: So=0.1, So=-0'1, t14o=9.5, $u:1, n1:10 and n =1

Type 3- Curves where the initial slope, So equals zero, the final slope, So is positive, the

shape parameter n1 is greater than two and the shape parameter n2 is positive.

Modified Parameters: So=0, So=1, \afo=-6.5, Qu:l, n1=5 and nr=1

Type 4- Curves where the initial slope, So is greater than the final slope, So, the shape

parameter nl and n2 is positive.

Modified Pæameters: So=2, Se=0.1, Mo=0.1, Qu=I, n¡=I0 and n =5

Type 5- Curves where the initial slope, So is positive, the final slope, So is less than So,

the shape parameter n¡ is between zero and one and the shape parameter n2 is

greater than 0.2,

Modified Parameters: So=3, Sp=O,1, Mo=0.5, $u=1, n¡:0.5 and n =¡.5

Figure 3.14 illustrates a plot of the Modified function that has two points of maximum

curvatuïe. The maxima are located at the extremes: at the origin and at the abscissa 0u.

By adjusting the values of the various parameters the relative magÊitudes of the

maximum curvature at the two locations can be adjusted.
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3,4.3 Effect ofthe Shape Parameters, n, and n,
The parameter n¡ controls how quickly the curve approaches the final tangent line.

Figure 3.15 shows the Modified function for n¡=0.5, I, ønd 2. As shown in the figure

increasing the magnitude of the shape parameter, û1 caüses the function to approach the

final tangent line more quickly.

Figure 3.16 shows how the shape parameter, rr1 câuSês a downward shift in the final

asymptote. Negative values of the parameter nt cause the curve to "tail downward". As

the shape parameter n¡ becomes more negative the curve approaches a Type I curve with

reve¡sal of curvature.

Wïen n2 is negative the plot of the curve approaches the final tangent line from above

instead of below and is characterized as a "hump" over the final tangent line. Figure 3 . 1 7

(a) shows how n1 interacts with n, to affect the shape of the hump. Increasing the

magnitude ofn2 also affects the shape of the hump as illushated in Figure 3.17 (b).

Figure 3.18 (a) and (b) shows that as n1 and n2 become smaller the plot of the Modified

function becomes flatter, yet the fi¡nction is required to contact the final tangent line at

the ultimate rotation,0u. Type 5 curves with reversal of curvature use this feature of the

Modified function.

3.4.4 Derivatives of the Modified Function
The first and second derivatives of the Modified function, obtained using the

Mathematica software are the following:

The first derivative, or slope, is
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3.4,5 Observations from Derivative Plots

3.4.5.1 Richard-Abbott Function Behaviour

Because the Modified function is a generalized form of the Richard-Abbott function it

can plot all of the cr¡¡ves described in the section describing the Richard-Abbott function.

Therefore, the Modified function can have a point of maximum curvatüe at the origin
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and at a location defined by the reference rotational deformation, Ö"=MJS, Thus, the

fi¡nction can model curves that possess a bi-linear or nearly bi-linear shape.

3,4,5,2 Reversal of Curvature
Figures 3.19 (a), (b) and (c) show the plot of the function and its derivatives for a Type I

curve. The curve starts from the origin with maximum negative curvature, Figure 3.19

(c). The maximum negative slope, Figue 3.19 (b), conesponds to a rotational

deformation of approximately 0.4. This indicates the point of inflection on the curve,

Figure 3.19 (a). The maximum positive curvature is at a rotational deformation of

approximately 0.6. The magnitude of the maximum positive curvatüe is less than one

percent of the maximum negative curvature. At the ultimate rotation, 0u there is zero

curyature. At the ultimate rotation the curve is parallel to the fi¡al tangent line but is

shifted down by the reference moment, lt4o.

Figures 3.20 (a), (b) and (c) show a plot of the function and its derivatives for a Type 2

curve. This curve reaches a point of maximum slope, Figure 3.20 (b), at a rotational

deformation of approximately 0.2. This corresponds to the point of inflection in the

cuwe, Figure 3.20 (c). Fo¡ this cuwe the points of maximum positive and negative

curvature are at rotational deformations of approximately 0.12 and 0.29 respectively.

These curvatures are equal in magnitude. Beyond a rotational deformation of 0.6 there is

zero curvature and the curve is tangent to the final tangent line.

Figures 3.21 (a), (b) and (c) show a plot of the function and its derivatives for a Type 3

curve. For this curve, the maximum negative cuwature is at the origin and the maximum

positive curvature is at a rotational deformation of approximately 0.3, Figure 3.21 (c).

The magnitudes of these two values are equal. The point of inflection corresponding to

the maximum slope, Figure 3.21 (b), is located at a rotational deformation of

approximately 0.13. The curvatüe drops to zero at a rotational deformation of 0.8 and

the curve is tangent to the final tangent line.
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Figures 3.22 (a), (b) and (c) show a plot of the function and its derivatives for a Type 4

cuwe. This curve has three points of maximum curvatüe, Figve 3.22 (c). There is one

point of maximum negative curvature between two points of maximum positive

curvature. The curvature is mathematically undefined at the origin. The fi¡st point of

maximum positive curvature is at a rotational deformation of 0.1 and the second at a

rotational deformation of 0.75. Between these two points there is a region of negative

curyature. This region appears as a "hump" on the function plot, Figure 3.22 (a), which

rises above the final tangent line. Thus, the curve approaches this line tangentially from

above instead of below.

Figures 3.23 (a), (b) and (c) show a plot of the function and its de¡ivatives for a Type 5

curve. This curve starts from the origin with maximum negative curvatue, Figure 3.23

(c). There is nearly zero cu¡vature between a rotational deformation of 0.2 and 0.8.

Thus, the curve is linear in this region with a slope of approximately 0.35, Figure 3.23

(b). Near the ultimate rotation, 0, the curvature becomes positive and reaches a

maximum at {u, Figure 3.23 (c).

3.4.5.3 Two Points of Maximum Negative Curvature
The Modified function also permits curves which have two points of maximum negative

curvatüe: the first at the origin and the second at the ultimate rotation, 0r. When nt is

between I arld 2 and n2 is between 0 and 1 the case of two maximum curvatures is

achieved. The interaction between the initial slope and the two shape parameters controls

the relative magnitude of the maximum cu¡vatures.

Figures 3.24 (a), O) and (c) show the function and its derivatives for a curve in which the

two maximum curvature points are approximately equal in magnitude. The parameters

for this type ofcurve are: So=5, So=0, Mo:1, $u=1, ¡t=1.5 and n :2.

Figwes 3.25 (a), (b) and (c) show the function and its derivatives for a curve in which the

magnitude of curvahre at the origin is larger than that at the ultimate rotation. To
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achieve this increased curvature at the origin the initial slope, So is increased. The initial

slope for this plot is So=5. The other parameters are equal to those used in Figwe 3.24.

Figures 3.26(a), (b) and (c) show the ñuction and its derivatives for a curve in which the

higher magnitude of curvature is at the ultimate rotation. I¡r this case the initial slope, So

is decreased. The initial slope for this plot is So:3 with the other parametets equal to tlìe

ones used in Figure 3.24.

Figures 3.27 (a), (b) and (c) show the effect of increasing the magnitude of the shape

parameter nt. Increasing nl to 3 and keeping the other curve fitting parameters similar to

those used in Figure 3.24 causes the plot, Figure 3.27 (a), to possess negative curvature in

the middle region of the curve. This is evident by the slight "hump" in the curvature

diagram, Figwe 3.27 (c). Decreasing the parameter nl creates double curvature in the

plot, For n1 less than zero the plot will be Type 1, Figure 3.15, and for n¡ between zero

and one the plot will be Type 5, Figure 3.23.
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4. Curve Fitting and Classification of Connection M-þ Data

4,1 Modeling of Connection Behaviour

A number of methods have been used to predict beam-to-column connection behaviour.

They include finite element models (Krishnamurthy et. al, 7979; Tatpy and Cardinal,

1981; Maxwell et. a1., 1981; Patel and Chen, 1984) and yield line models (Packer and

Monis, 1977). Other approaches have involved modeling or measuring the behaviour of

individual elements that rnake up the connection and then assembling them to form the

connection (Sherboume, 1961;Douty and McGuire, 1965; Kennedyet. al., 1981; Richard

et. al., 1980; Kennedy and Hafez, 1984). Because of factors such as bolt slip, that are

difficult to model, none of the above-mentioned approaches have provided accwate

behaviour prediction models for a wide range of connection types and geometries.

Using all of the available experimental M-$ data, attempts have been made to curve fit

the data and develop M-$ functions expressed in terms of the connection geometric

parameters (Sommer, 1969; Frye and Monis, 1975; Altman et. a1.,1982; Ang and Morris,

1984; Attiogbe et. al., 1989). While these empirical functions have generally been

accurate for those connection geometries on which they were based, they have not wo¡ked

well for other connection geometries.

Thus, the most practical way to develop an accurate, concise M-O behaviour model for a

given connection is to measure its M-Q behaviour experimentally and to curve-fit the M-Q

data to a versatile function. The modified Richard-Abbott fr¡nction described in the

previous chapter is an excellent one for the purpose.
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4.2 Modeling of Connection Data by Cune-Fitting

4.2,1 Curve Fitting Function
In order to incorporate the nonlinear M-þ behavior of a variety of connection geometries

into a frame analysis computer prog¡am it is necessary to express that behavior in a very

compact form. Using the modified Richard-Abbott function, the M-{ behavior of any

comection can be expressed in terms of the six parametels of the function. Thus, if the

modified Richard-Abbott function and the six parameters for a set of connections are

incorporated into the program, the M-$ behavior of any of those connections can be

generated.

Kishi and Chen (1986) compiled and digitized the M-$ data from approximately 300

connection tests - almost all of the tests for which the data were available, In this study

the data ftom 260 of the tests were curve fitted to the modified Richard-Abbott function,

and the six curve fitting parameters were computed in each case. The data for 14

additional double web angle connection specimens tested by Onuah (1988) were similarly

curve fitted.

4,2.2 Types of Connections Included in the Study

The seven connection types include are:

1. Single Web Angle/ Side Plate Connection,

2. Double Web Angle Connection,

3. Header Plate Connection,

4. Top and Seat Angle Connection,

5. Top and Seat Angle Connection with Double Web Argles,

6. Flush End Plate Connection and

7. Extended End Plate Connection

Detailed sketches of the seven connection types, illustrating their significant dimensions

and geometric parameters, are shown in Figure 4.1 through Figure 4.8. The values ofthe
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geometric parameters for the 260 M-$ data sets from the Kishi-Chen database and the 14

from Onuah's tests are presented in Tables 4.1 to 4.9.

4.2.3 Eurocode3 Classification System

4,2,3.1 Classilication of Connections

A simple plot of the M-Q behaviour ofa connection is not very useful to a designer. A

"feel" for the connection shength and stiffrress is required. The Eurocode3 classification

system for connections, described in Chapter 2, is an effective way to establish this "feel"

as it shows the connection behaviour superimposed on a common template: the

classification boundaries. Using this system the designer can ascertain a connection's

strength and stiffness characteristics at a glance.

I¡ the Eurocode3 connection classification system the connection moments and rotational

deformations are expressed in non-dimensional form. As expressed in Clause 6.9.6 of

Eurocode3 Design of Steel Structures (1990 Draft), the non-dimensional comection

moment is expressed as a fraction of the plastic moment, Mo of the con¡ected beam, as

follows

Mm=-
Mp

where M is the moment applied to the connection.

The normalized rotational deformation of the connection is derived as follows. The total

rotational deformation along a beam of span L¡ under a constant bending moment M, is

ó.= Lb M 4.2.
EIu

where E : modulus of elasticity and

Ib = second moment of area of the beam.

Thus, ignoring contained plastic flow, the total rotational deformation, 0p when the

constant moment just reaches the beam plastic moment, Mo, is

4.1
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oo=*to 4.3.

Assuming a typical beam span-to-depth ratio of 20, the expression for the total plastic

rotational deformation becomes

oo = #"0 4.4.

The normalized rotational deformation is then the rotational deformation, 0, in the

connection, expressed as a fraction of the total plastic rotational deformation in the beam

as follows

-rh
ö =+ 4.s.

Qp

The beam plastic moments, Mo, and plastic rotational deformations, 0p, are presented in

Table 4.10 fot all of the 274 con:rection specimens considered.

4.2.3.2 Normalizing the Modified tr'unction Parameters

I¡ order to superimpose the connection M-{ plots onto the plots of the Eurocode3

connection classification boundaries, the cuwe fitting parameters for the modified

Richard-Abbott function must be normalized using the appropriate M, and $o values

presented in Table 4.10. The following formulae were used to normalize the parametels.

_ö^
s" = i,,,ris"

_ò-s --_-Lc"Þ - r.¡ "Þrv¡P 
4,6.

M^=Mo'Mo
t 0u
9u =:-

Qp
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Because the shape parameters n1 and n2 are non-dimensional they did not need to be

modified, Using Eq. 4.6, the modified Richard-Abbott flinction can be expressed in

either dimensional or non-dimensional form.

4,2,4 CuweFitting of Connection Data

A least-squares curve-fitting pro$am was used to ftt the 27 4 sets of experimental data to

the modified Richard-Abbott function. Tables 4. i I to 4.18 show the normalized versions

ofthe curve fitting parameters for all274 data sets.

For purposes of illushation, the experimentally measured M-þ data for the following I
connection specimens, representing the connection t¡pes indicated, are presented in

Tables 4.19 through 4.26.

1. S.L. Lipson: AA-2/l

2. S.L. Lipson: Pl-zll

3. L.E. Thompson et. a1.: A1-l alt (a)

4. W.H. Sommer:

5. M.J. Marley:

6. J.R. Ostrander:

7 . A. Azizinanini et. al.: 8S1

8. S.A. Ioannides: Test I

Test 5

A-t/4-l

Test 1

Single Web Angle Connection

Side Plate Connection

Double Web Angle Connection

Header Plate Connection

Top and Seat Angle Connection

Flush End Plate Connection

Top and Seat Angle with Double

Web Angle Con¡ection

Extended End Plate Connection

Juxtaposed with the tables a¡e plots of the data and corresponding modified Richard-

Abbott functions, and plots of the function superimposed on the Eurocode3 connection

classification boundaries. The plots are presented in figures 4.9 and through 4.16. Some

of the M-$ data plots, such as that for the Lipson: P1-2l1 specimen in Figure 4.10 (a),

have an ascending branch at large rotational deformation. That branch, which occurs fo¡

cornections to beam webs, conesponds to a moment increase when, as a result of large

connection deformation, the bottom flange of the beam comes into contact with the
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columri. The connection deformation at which contact occurs is well beyond the

serviceability limit state and thus the ascending branch can be ignored.

The M-Q data and their plots and the plots of M-{ cuwes superimposed on the Eu¡ocode3

connection classification boundaries for all 274 connection specimens considered are

presented in Appendix A.

4.3 Envelopes of M-Q Curves

To help establish a "feel" for connection behaviour a graphical representation of the

ranges of force-deformation behaviour exhibited by the various con¡ection types is

presented in this section. Envelopes of the M-$ curves for the common connection types

are shown in Figure 4.17 through 4.23. The shaded area in each figure represents the

range of M-$ curves for the particular con¡ection type. Because they span the range of

practical geometries the envelopes indicate the practical ranges of connection strength

and stiffness. The normalized connection rotational deformation corresponding to

CAN/CSA S16.1-M89 beam deflection and column drift limits at the serviceability limit

state is approximately 0.35. Except for 41 ofthe connections, most of them falling within

the "rigid" classification, all of the 274 cowrcctions considered have rotational

deformation capacities in excess of that limit.

The single web angle connection is the most flexible type and the M-Q curves for that

type fall almost entirely within the "nominally pinned" classification. Nonetheless, as

illustrated in Figure 4.17, single web angle connections may resist as much as l0 percent

of the beam plastic moment, lr4o.

As illustrated in Figure 4.18, the M-Q cuwes for double web angle connections straddle

the boundary between the "nominally pinned" and "semi-rigid" regions. Double web
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angle connections are approximately twice as stiff as single web angle connections and

the strongest ones resist almost 20 percent of the beam plastic moment, Mo.

The envelope of M-$ crirves for header plate connections is shown in Figure 4.19. It can

be seen that at the upper boundary of the envelope, header plate connections are

marginally stiffer and shonger than double web angle connections, the strongest ones

exhibiting maximum moments in excess of 20 percent of the beam plastic moment, Mo.

Header plate connections span a wider range of stifftress and strength than do double web

angle connections.

As illushated in Figure 4.20, the M-þ curves for top and seat angle connections occupy

the lower third of the "semi-rigid" classification. The stiffest of the top and seat angle

connections are in the "rigid" region for braced frames and they resist between 10 and 40

percent of the beam plastic moment, Mo at a rotational deformation conesponding to the

serviceability limit state.

Flush end plate connections are both stiffer and stronger than top and seat angle

connections. As illushated in Figwe 4.21, thd-r moment resistance at the serviceability

limit state ranges from 20 to 60 percent of the beam plastic moment. The stiffest of the

connections fall within the "rigid" classification for braced ftames.

As shown in Figwe 4.22, top and seat angle coffiections with double web angles exhibit a

wide range of initial stiffrresses. Their ultimate moment resistance range from 20 to

almost 80 percent of the beam plastic moment. The stiffest of these connections have

initial stiffnesses in the "rigid" range for both braced and unbraced frames.

Extended end plate connections, for which the envelope of M-Q curves is shown in Figure

4,23, arc extremely stiff and shong. Their initial stif&resses range ûom approximately

the middle of the "semi-rigid" classification to the top third of the "rigid" classification.

In terms of strength, they range ûom 60 to approximately 125 percent of the beam plastic
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moment. The probable reason for comection strengths of more than 100 percent of the

beam Mo is beam yield strengths in excess of the specified minimum.

The ranges of behavior for the various con¡ection types are summarized in TabIe 4.27 .

The tluee aspects of behavior included in the table are; resistance range, as a percentage

of the beam plastic moment, Mo, stifñress range, expressed in terms of the Eurocode3

classification system, and rotational deformation capacity, expressed as the percentage of

connections which have a normalized rotational capacity of less than the serviceability

limit of 0.35.
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Table 4.1 Geometric Parameters for Single Web Angle Cormections

Author Test ID Angle Size Lp d gb gc c p nb nc db

S.L. Lipson AA-2ll 100x90x6 140 44 57 65 32 76 IYO 1x2 20

S.L. Lipson AA-212 100x90x6 140 44 57 65 32 76 lx2 lx2 20

S.L. Lipson AA-3ll 100x90x6 216 44 57 65 32 76 lx3 lx3 20

S.L. Lipson AA-312 100x90x6 216 44 57 65 32 '16 lx3 lx3 20

S.L. Lipson AA-4ll 100x90x6 292 44 57 65 32 76 lx4 lx4 20
S.L. Lipson AA-412 100x90x6 292 44 57 65 32 76 lx4 lx4 20

S.L, Lipson AA-5/l 100x90x6 368 44 57 65 32 76 lx6 lx6 20
S.L. Lipson AA-512 100x90x6 368 44 57 65 32 76 lx6 lxó 20

S.L. Lipson AA-611 100x90x6 445 44 57 65 32 76 lx6 lx6 20

S.L. Lipson AA-6n 100x90x6 445 44 57 65 32 76 lx6 lx6 20

S.L. Lipson BB-4/l 100x90x8 292 44 57 65 32 76 lx4 1x4 20

S.L. Lipson BB-412 100x90x8 292 44 57 65 32 76 lx4 lx4 20

S.L. Lipson B2-4 100x90x8 292 44 57 65 32 76 1x4 1x4 20

S.L. Lipson B3-4 100x90x8 292 44 57 65 32 76 lx4 lx4 20

S.L. Lipson C-4 125x90x8 292 44 57 49 32 76 lx4 lx4 20

S.L. Lipson D-4 100x90x8 292 44 57 49 32 76 lx4 lx4 20

S.L. Lipson G-zll 100x90x6 l2l 206 64 - 32 57 lx2 - 20
S.L. Lipson G-3ll 100x90x6 203 165 64

S.L. Lipson G-4ll 100x90x6 305 124 64

S.L. Lipson G-5/l 100x90x6 368 83 64

44 57 lx3 - 20
5'1 57 1x4 - 20

Table 4.2 Geometric Parameters for Single Plate Connections

Author Test ID Thickness Lp d eb c pb nb db

S.L Lipson Pl-z/l 6 140 197 64 32 76 lxz 20

S.L Lipson
S.L Lipson
S.L Lipson
S.L Lipson Pl-4ll

-70 57 lx5 - 20

6 140 197 64 32 76 lx2 20
6 216 159 64 32 76 lx3 20
6 216 159 64 32 76 lx3 Z0

6 292 l2l 64 32 76 lx4 20
6 292 l2t 64 32 76 lx4 20
6 368 83 64 32 76 lx5 20
6 368 83 64 32 76 lx5 20
6 445 44 64 32 76 lx6 20
6 445 44 64 32 76 lx6 20
16 292 - 57 - 76 2x- Z0
16 292 - 57 - 76 2x- 20
16 292 - 57 - 76 2x- 20

76 Zx- 20
76 2x- 20
76 2x- 20
76 2x- 20
76 2x- 20
76 2x- Z0

76 2x- 20
16 2x- 20
76 2x- 20

6 ¡54
6 229
6 381

6 546
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- 76 lx2 20
- 76 lx3 20
- 76 1x5 20
- 76 lx7 22

S.L Lipson
S.L Lipson
S.L Lipson
S.L Lipson
S.L Lipson

P t-2t2
P1-3/l
P1-3t2

Pt-412
Pl -5ll
Pl-st2
Pl-6/l
Pt-612

L,E. Thompson et. al. F-l alta
L,E. Thompson et. al. F-l alt b
L.E. Thompson et. al. G-l alt a
L.E. Thompson et. al. G-l alt b
L.E. Thompson et. al. H-l alta 16 292

t6 292 -51
- 5't

L.E. Thompson et. al. H-l aìt b
L.E. Thompson et, al. F-2-l alta
L.E. Thompson et. al. F-2-l alt b
L.E. Thompson et. al. F-2-2 alt a

L.E. Thompson et. al. F-2-2 altb
L.E. Thompson et. al. F-2-3 alt a
L.E. Thompson et. al. F-2-3 altb
R,M, RiChAId Et. AI. RGKL2
R.M. Richa¡d et. al. RGKL3
R.M. Richard er, al, RGKL5
R.M. Richard et. al. RGKLT

16 292 - 57
16 292 - 57
t6 292 - 57
t6 292 - 57
16 292 - 57
16 292 - 57
16 292 - 57



B, Bose B.l
L.E. Thompsotr Ál-l â.lt (a)

L,E.Thompson AI-l alt (b)
L.E.Thompso¡ Al.2 alt (å)
L.E. Thompson Al.2 âlt O)
L.E.Thompson Al-3 all (å)
L,E.Thompson Al-3 alt (b)
L.E, Thompson Bl-l alr (a)
L.E. Thompsoo Bl-t all O)
L.E.'ftompson Bl-2 all (a)
L.E. Thompson Bl-2 alt (b)
L.E. TÌompso¡ Bl-3 ålt (a)
L,E.Thompsoî Bl-3 ålt (b)
L.E.Tbompson Dl-l alt (a)
L.E.Thompsor Dl-l âltO)
L.E, Thompson Dl-2 slt (¡)
L.E, Thompson Dl-2 alt (b)
L.E. Tl'ompson Dl-3 âll (å)
L.E. Thompso¡ Dl-3 ålr (b)
L.E. Thompson El-l alt (a)
L,E.Thompso¡ El-l alt (b)
L.E.Thompson É1.2 sll (å)
L.E. ThoDpso¡ El-2 alt (b)
L.E,Thompso¡ El-3 all (å)
L.E. Thompson El-3 sit O)
L.E. Thompson A2-l ãlt (a)
L.E. Tlìompson A2-l Âh (b)
L.E.Tlrompson A2-2 ãlt (a\
L.E. ThompsoÍ A2-2 ålt (b)
L.E. Thompson A2-3 alt (a)
L.E,Thompso'r A2-3 slto)
L.E.Thoñpson B2-l dt (å)
L.E.Thoñpson B2-l alt O)
L.E. Thompson B2-2 alt (å)
L.E. Thompso¡ B2-2 ålt O)
L.E.l¡o¡npson 82.3 åit (a)

L.E. Iïompson B2-3 ålt (b)
L.E.Thompson C2-l alt (a)
L.E.Thompson C2-l all (b)
L.E. Thompson C2-2 alt (a,
L.E. Thoúpson C2.2 dr (b)
L.E. Tfiompson C2-3 âlt (a)
L.E.Thompson C2-3 alro)
L.E,Thompson D2-l slt (s)
L.E, Thompson D2-l sll (b)
L.E. Thompson D2-2 alt (å)
L.E. Tlìompson D2-2 alt(b)
L.E. Thompson D2.3 ålr (å)
L.E. 1ïompson D2-3 ålt (b)
W.H. Sommer Tcst2l
W.H. Sommcr 1est22
W.H. Sommer T€st 23
W.H. Sommer 1est24

Table 4.3 Geometric Parameters for Double Web Angle Connections

Author Test ID Angle Size Lp d gb gc c p nb nc db

Al3

l5ox90xt5 100 28 90 60 50 1s 2x. lx5 20
l00x90x8 292 - 5'l 65 - - .x2 - x. 20
¡00x90x8 292 . 51 65 - . -x2 - x. 20
I00x90x8 292 . 51 65 . . - x,2 20
100x90x8 292 - 51 65 . . - x2 20
100x90x8 292 - 51 65 - - .x2 -x. 20
100x90x8 292 - 57 65 - - . xZ 20
l00r90xl3 292 - 57 65 . . -t2 20
l00x9hl3 292 - 51 65 . - .x2 -x- 20
lo0x90xl3 292 - 51 65 . - .xZ -x- 20
l00x90xl3 292 - 57 65 - . - x2 20
l00x9hl3 292 . 57 65 . . -x2 20
l00x90xl3 292 . 57 65 . . - x2 20
l00x90xl0 292 - 57 46 - - -x2 -x- 20
l00x90xl0 292 . 51 46 - . -t2 20
f00x90xl0 292 . 51 46 . . -t2 20
l00x90xl0 292 - 51 46 . - .xZ -x- 20
l00¡90x10 292 - 51 46 - . - x2 20
l00x90x¡0 292 - 57 46 - . -x2 20
l00x90xl3 292 . 57 46 - . . x2 -x- 20
l00x90xl3 292 . 57 46 - . -x2 20
l00x90xl3 292 - 51 46 - . -t2 .x. 20
l00x90xl3 292 . 51 46 - . .t2 -x- 20
l00x90xf3 292 ' 51 46 . . -t2 -xr 20
I00x90xl3 292 - 57 46 - . .y2 -x. 20
100x90x8 292 - 51 65 - . - x2 20
100x90x8 292 - 57 ó5 . - .x2 ¡x- 20
100x90x8 292 - 57 65 - . - x2 20
100x90x8 292 - 51 65 . - -x2 20
100x90x8 292 - 31 65 - - .x2 -x- 20
l0ox90x8 292 - 57 65 . . - x2 20
100x90x8 292 . s1 46 - - -x2 -x- 20
100x90x8 292 . 51 46 - - -x2 -x. 20
100x90¡8 292 . 57 46 - . -t2 -x. 20
100x90x8 292 . 51 46 . . - x2 20
100x90x8 292 . 51 46 . - -x2 rx- 20
100x90r8 292 - 57 46 - . .;2 -x- 20
l00x90xl3 292 - 57 65 - . . x2 20
l00x90xl3 292 - 51 65 - - -t2 20
100¡90x13 292 . 51 65 . - -x2 -x- 20
100x9û¡13 292 . 51 65 - . -y2 - x. 20
100x90¡13 292 . 57 65 . . . x2 20
l00x90xl3 292 . 51 65 . - - r,2 20
l00x90xl3 292 - 57 46 . - . /2 20
l00x90xl3 292 - s1 46 - - -x2 -x- 20
l00x90xl3 292 . 57 46 - . -x2 -x. 20
l00x90xl3 292 . 57 46 . - -x2 20
l00x90xl3 292 . 51 46 - . -x2 -x- 20
l00x90xl3 292 . 31 46 - . -x2 - x. 20
90x?5x10 229 3vla7 - 41 38 76 . lx3 20
90x75x10 305 381187 . 17 38 ?6 . lx3 20
l00x75xl0 381 381187 . 64 38 16 . ¡x5 20
t00x75xf0 457 38/lll . 64 38 76 . lx6 20
l00xl00xl0 390 65 . 80 lxs lx5 Z0
l0hl00x8 390 65 - 80 lxs lx5 20
l00xl00xl2 390 65 - 80 lx5 Ix5 20
l00xl00xl0 390 65 . 80 lx5 lxs 20
l00x90xl0 390 60 - 80 lxs lxs 20
l00x?5x10 390 45 . 80 lxs lxs 20
l00xl0ûx8 23O 65 . 80 li3 lx3 Z0
l00xl00xl2 230 ó5 . 80 lx3 tx3 20
l00xl00rl2 230 65 . 80 lx3 Ix3 20
l00xl00x8 310 65 . 80 lx4 lx4 20
l00xl00xl0 390 65 - 80 tx5 Ixs 20
l00xl00x8 410 65 . 80 tx6 lx6 20
100x100x12 170 65 - 80 Ix6 lx6 20

C. Onual' AOIB
C. Onuaï 402
C. Onuâh 403
C, Onuåh 404
C. OnuâÍ A07
C. Otlush 408
C. Onuah Al0
C, Onuah
C. Onush Al4
C. Onuah Al5
C. O'luah A16
C. Onua¡ Al8
C, Onuål¡ AI9
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Table 4.4 Geometric Parameters for Top and Seat Angle Con¡ections

Author Test ID Angle Size I t nt nf ns ns' db

M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Mæley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
M.J. Marley
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et, al.
S.M. Maxwell et. al.
S.M. Maxwell et. al.
S.M. Maxwell et, al.
S.M. Maxwell et, al.
S.M. Maxwell et. al.

100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
100x100 125
150x90 150

150x90 200
150x90 150
150x90 200
150x90 150
150x90 200
150x90 150

150x90 200
150x90 150

150x90 200
150x90 150
150x90 200

6 2xl 2xl
6 2xl 2xl
6 2xl 2x1
6 2xl 2xl
6 2xl 2xl
6 2xl 2xl
6 2xI 2xl
6 2xl 2xl
6 2xl 2x7
6 2x1 2xl
6 2x7 2xl
6 2xl 2xL
6 Zxl 2xl
13 2xl 2xl
13 2xl Zxl
13 2xl 2xl
13 2x1 2xl
13 Zxl Zxl
13 2xl Zxl
13 2xl 2xl
13 2xl 2xl
13 2xl 2xI
13 2x1 2xl
13 2xl 2xl
13 2xl 2xl
13 Zxl 2xl
10 2x2 2x1
10 2x2 2xl
10 2x2 2x7
l0 2x2 2xl
12 2x2 2xl
12 2x2 2xl
12 2x2 2xl
12 2x2 2xl
15 2x2 Zxl
15 2x2 2xl
15 2x2 Zxl
15 2x2 2xl

2xl 2x7 20
2xl 2x1 20
Zxl Zxl 20
2xl 2xl 20
2xl 2xl 20
Zxl 2xl 20
2xl 2xl 20
2xl 2xl 20
2xl Zxl 20
2xl 2xl 20
2xl 2xl 20
2xl 2xl 20
2x1 2xl 20
2xl 2xl 20
2xl 2xl 20
2xl 2xl 20
2xl 2x7 20
2xl 2xl 20
2x1 2x7 20
2xl 2x7 20
2xl 2xl 20
2xl 2xl 20
2xl Zxl 20
2xl 2xl 20
2xl 2xl 20
2xl 2xl 20
2x2 Zxl M20
2x2 2xl lrI20
2x2 Zxl M20
2x2 2x1 M20
2x2 2xl M20
2x2 2x1 M20
2x2 2x1 1t420

2x2 2xl M20
2x2 2xl M20
2x2 2xl Ì1420

2x2 2xl M20
2x2 Zxl M20

A-1t4-l
A-tl4-2
B-1t4-l
B-t/4-2
ct-t/4-2
c2-114-1
c2-1/4-2
Dr-t/4-1
Dr-u4-2
D2-t/4-l
D2-t/4-2
D3-t/4-l
D3-1t4-2
A-t/2-l
B-t/2-1
B-lt2-2
cl-1t2-t
c|-v2-2
cz-t/2-1
c}-t/2-2
Dt-!2-l
Dt-1/2-2
D2-1/2-t
Dz-t/2-2
D3-t/2-l
D3-Il2-2
AI
M
A3
A4
BI
B2
B3
B4
ct
c2
c3
c4
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Table 4.6 Geometric Parameters for Header Plate Connections

Author Test ID Thickness Lp c p lt lc g n db
W.H. Sommer Test 5 6 381 38 76 38 35 102 2x5 Z0

Table 4.7 Geometric Parameters for Flush End Plate Connections

Author Test ID Thickness Li c p g nt nc db
J.R, Ostrander Test I 13 127 13 64 89 Zxl 2x1 20

W.H. Sommer Test 6
W.H. Sommer Test 7
W,H. Sommer Test 8

W.H. Sommer Test 9
W.H. Somme¡ Test l0
WH. Sommer Test I I
W.H. Sommer Test 12

W.H. Sommer Test 13

W.H. Somme¡ Test 14

W.H. Somme¡ Test 15
\ü.H. Sommer Test 16
W.H. Sommer Test 17

W.H. Sommer Test 18
W.H. Sommer Test 19

lV.H. Sommer Test 20
W.H. Sommer Test 25
W.H. Sommer Test 26
W.H. Sommer TestZT
W.H. Sommer Test 28

J,R. Ostrander Test 3

J.R. OsFander Test 4
J.R. Ostrander Test 9

J.R Ostrander Test I I
J.R, Ostrande¡ Test 12

J.R. Ostrander Test 13

J.R. Ostrander Test 17

J.R. Ostrander Test 18

J.R. Ostrander Test 19

J.R Oshander Test 23
J.R. Ostrander Test 2
J.R. Oshander Test 5

J.R. Ostrander Test 6
J.R, Ostrander Test 7

J.R. Ostrander Test 8
J.R. Ostrander Test l0
J.R. Ostrander Test 14
J.R, Ostrander Test 15

J.R, Ostrander Test 16

J,R. Ostrander Test 20
J.R. Ostrander Test 2l
J.R. Oshander Testz?
J.R. Ostrander Test24

6 ?29 38 76 38 340 102 2x3 Z0
6 305 38 't6 38 264 102 2x4 20
6 381 38 76 38 187 102 2x5 Z0
6 457 38 76 38 lil 102 2x6 20
l0 229 38 76 38 187 r0Z 2x3 20
l0 305 38 76 38 lll 102 2x4 20
l0 381 38 76 38 35 l0Z 2x5 20
l0 ZZ9 38 76 38 340 102 2x3 20
l0 305 38 76 38 264 102 2x4 20
l0 381 38 76 38 187 140 2x5 Z0
l0 457 38 16 38 lll 140 2x6 20
l0 457 38 76 38 264 140 2x4 20
6 381 38 '16 38 187 140 2x5 20
13 305 38 "t6 38 264 140 2x4 20
13 381 38 76 38 187 140 2x5 20
6 305 38 76 38 lll 102 2x4 20
6 229 38 76 38 187 l0Z 2x3 20
6 229 38 76 38 38 102 2x3 20
6 152 38 76 38 114 t02 zxZ 20

l0 127 13 64 89 2xl 2xl 20
6 127 13 64 89 Zxl 2xl 20
20 127 13 64 89 Zxl Zxl 20
l0 178 13 64 102 2xl 2xl 20
13 178 13 64 102 Zxl 2xl 20
16 178 13 64 102 2xl zxl 20
l0 178 13 64 l0Z 2xl 2xl 20
13 178 13 64 102 2xl zxl 20
16 178 13 64 102 zxl 2x1 20
16 178 13 64 .102 2xl 2xl 20
t3 127 13 64 89 2xl 2xl 20
13 l?7 13 64 89 zxl 2xl 20
l0 127 13 64 89 ?xl zxl 20
6 127 13 64 89 2xl 2xl 20
6 127 13 64 89 2xl 2xl 20
10 127 13 64 89 zxl 2xl 20
l0 178 13 64 102 Zxl 2xl 20
13 178 13 64 102 Zxl Zxl 20
16 178 13 64 102 2xl Zxl 20
l0 178 13 64 102 2xl 2xl 20
13 178 13 64 102 2xl 2xl 20
16 178 13 64 102 2xl 2xl 20
16 178 13 64 102 2xl Zxl 20
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Table 4.8 Geometric Parameters for Extended End Plate Connections

Author dbTest ID Thicknes Lp p C nt nc ni
s

J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey

Test Al-L
Test Ai-R
Test A2-L
Test A2-R
Test A3-L
Test A3-R

Test B4-L
Test B4-R
Test B5-L
Test B5-R
Test B6-L
Test B6-R
Test B7-L
Test B7-R
Test B8-L
Test B8-R
Test C9-L
Test C9-R
Test Cl0-L
Test C10-R
Test Cll-L
Test C11-R
Test C12-L
Test C12-R
Test Cl3-L
Test Cl3-R

25 422
19 422
t9 422
19 422
t9 422
19 422
19 406
19 489
19 489
25 489
25 489
32 422
32 422
25 422
25 422
35 422
35 422
32 422
32 422
19 422
19 422
t9 422
t9 422
2t 422
2t 422
22 422
22 422
27 422
27 422
32 422
32 422
29 610
32 570
32 570
32 570
32 570
24 5t7
24 5t7
16 530
16 530

J.O. Surtees et. al. Test Cl
J.O. Sudees et. al. Test C2
J.O. Surtees et. al. Test C3
J.O. Sufees et. al. Test C4
J.O. Surtees et. al. Test C5

114 102 2x2 2x1 2xl 22
111 102 2x2 2zl 2zl 16
111 102 2x2 2zl 221 16

111 102 2x2 2xl 2x1 20
111 102 2x2 2xl 2xl 20
111 102 2x2 2xl 2xl 20
ll4 89 2xl 2x1 2xL 20
ll4 89 2xl Zxl 2xl 20
114 89 2xl 2xl 2xI 25
ll4 89 2xl 2xl 2xI 25
114 89 2x1 2x7 2xl 25
114 102 2x2 2xI 2xl 22
114 102 2x2 2xl 2xl 22
108 102 2x2 2xl 2xl 20
108 102 2x2 Zxl 2xl 20
110 102 2x2 2xl 2xl 25
110 102 2x2 2xl 2xl 25
ll4 102 2x2 2xl Zxl 25
114 102 2x2 2xl Zxl 25
114 102 2x2 2x1 2x7 20
114 102 2x2 Zxl 2x7 20
114 102 2x2 2xl 2xl 16

114 102 2x2 2xl 2xl 16

ll4 102 2x2 2xl 2xl 20
lI4 702 2x2 2x7 2xl 20
108 102 2x2 2xl Zxl 16

108 102 2x2 2x1 2xl 16

111 102 2x2 2x7 2xI 22
111 102 2x2 2xl 2x7 22
117 102 2x2 2xl 2xl 25
117 102 2x2 Zxl 2x7 25
152 152 2x2 -x- -x- 29
178 140 2x2 2x2 -x- 30
178 140 2x2 2x2 -x- 30
178 140 2x2 2x2 -x- 30
178 140 2x2 2x2 -x- 30
102 140 2x2 2x2 -x- 24
102 140 2x2 2x2 -x- 24
115 140 2x2 2x2 -x- 24
115 140 2x2 2x2 -x- 24

J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.G. Surtees et. al. Test Có
N.D. Joh¡stone et, al. Test l-L
N.D. Johnstone et, al. Test 1-R
N.D. Johnstone et. al. Test 2-L
N.D. Johnstone et. al. Test 2-R
N.D. Johnstone et. al. Test 3-L
N.D. Johnstone et. al. Test 3-R
N.D. Johnstone et. al. Test 4-L
N.D. Johnstone et. al. Test 4-R
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Table 4.10 Plastic moment and rotation for the beams using in the M-0 tests

Section
Designation

Beam Plastic Moment of Plastic Plastic
Country Depth Modulus Inertia Moment Rotation

d (mm) z*( 103 mm3) I" (106 mma) Mo GN-m) 0o (rads)

W130X24 Canada
V/ 130 X 24 Canada

254Xt02UB.22 U.K.
10X4UB17 U.K,
8X5%U820 U.K.
V/200 X 31 Canada
10x4u819 U.K.
l2x5uB25 U.K.

10 x 4'l, RSJ25 U.K.
W250 X 33 Canada
W360 X 33 Canada
12X5l']'B32 U.K.
W310 X 39 Canada
t4x5w26 U.K.
12X5RSJ32 U.K,
W410 X 39 Canada
W310 X 52 Canada

t2x6%uB26 U.K.
V/360 X 57 Canada
15X5RSJ42 U.K.
W460X 52 Canada
15X6UB4O U.K,
14X6%UB45 U.K.

457 X 19t X 67 U.K.
W460 X 67 Canada
18X6U855 U.K.
W460 X 82 Canada
W460 X 89 Canada
W610 X 82 Canada
W530 X 92 Canada
w6l0 x 101 u.K.
w6l0 x 113 u.K.
610 UB I 13 Australia
310 UB46 NewZealand

127

127

254
257
207
210
260
304
254
258
349
310
310
3s3
305
399
317
311

358
381

450
385
364
454
454
465
460
464
599
533
603
608
607
307

t57
190

261.5
30s
31s
334
352
392
401

426
544
567
610
649
69s
'724

837
844

1008
1068
1090
1106
12t1
1469
t496
1798
1830
20t6
2t96
2360
2900
3277
3283
721

8.87
10.9

28.6
34.0
28.8
31.3
40.0
71.4
50.9
49.1

82.8
65.s
84.9
101

92.0
125
118

tt7
160

178

212
186

195

293
299
362
370
410
562
554
764
874
873
99.2

47 0.0677
57 0.0664
78 0.0697
91 0.0690
94 0.0678
100 0.0672
106 0.0687
1t7 0.0500
120 0.0601
128 0.0672
163 0.0688
170 0.0806
183 0.0669
195 0.0683
208 0.0690
217 0.0691
251 0.0675
253 0.0673
302 0.0676
321 0.0686
327 0.0694
332 0.0685
363 0.0679
441 0.0683
449 0.0680
539 0.0694
549 0.0683
605 0.0684
659 0.0702
708 0.0681
870 0.0687
983 0.0683
985 0.0685
2t6 0.0668



Table 4.11 Non-dimensional curve fitting parameters for single web angle cornections

Author Test ID 0u Mo So SD nl n2
S.L. Lipson AA-2ll 0.722 0.00212 0.00541 0.000481 1.731 0.816
S.L. Lipson AA-212
S.L, Lipson AA-3/l
S.L. Lipson AA,-3/2
S.L, Lipson A^-4/l
S.L. Lipson AA-4/2
S.L. Lipson AA-5/l
S.L. Lipson AA-5/2
S.L. Lipson AA-6ll
S.L. Lipson AA,-612

S.L. Lipson BB-4/1
S.L. Lipson BB-412
S.L. Lipson B2-4
S.L. Lipson B3-4
S.L. Lipson C-4
S.L. Lipson D-4
S.L. Lipson G-2ll
S.L. Lipson G-3ll
S.L, Lipson G-4ll
S.L. Lipson G-5/l

TabIe 4.12 Non-dimensional cuwe fitting parameters for side plate connections

A"
S.L. Lipson P1-2ll 0.350 0.00800 0.151 -0.0004 0.500 t.500

0.501 0.00054 0.00724 0.00437 7.955 0.342
0.815 0.00487 0.0214 0.00378 t.216 2.097
0.323 0.00307 0.0308 0.0191 -0.032 1.480
0.962 0.00838 0.0408 0.00701 5.541 t.317
0.79t 0.00991 0.0837 0.00870 1.234 t.310
0.751 0.0203 0.135 0.0158 1.362 |.823
0.774 0.0265 0.389 0.031 I 2.61t 1.305
0.446 0.0202 0.23t 0.0281 1.854 1.247
0.576 0.0384 0.437 0.0269 0.42t 1.297
0.965 0.0159 0.0847 0.00668 0.257 1.718
0.'153 0.0118 0.103 0.0150 3.700 0.987
0.343 0.0126 0.t27 0.0159 2.067 l l18
0.548 0.0149 0.n0 0.0117 -0.011 2.408
0.229 0.0175 0.585 0.0299 3.274 0.744
0.213 0.0166 0.334 0.0310 t.396 1.288
9.475 0.00'173 0.184 -0.000371 11.099 12.626
0.426 0.0117 0.362 0.0162 -0.559 4.817
0.307 0.0188 0.765 0.0171 17.674 0.834
0.476 0.0255 0.887 0.0586 -0.210 2.718

P1-212
Pt-3ll
Pt-312
Pl-4lt 0.587 0.0222 0.623 0.0325 0.157 1.033
Pt-412
Pt-5/l
Pl-512
Pl-6/l
P'l-612

S.L. Lipson
S.L. Lipson
S.L. Lipson
S.L. Lipson
S.L. Lipson
S.L. Lipson
S.L. Lipson
S.L. Lipson
S,L, Lipson

R.M. Richard et. al. RGKL2
R.M. Richard et. al, RGKL3
R.M. Richard et. al. RGKLs
R.M. Richa¡d et. al. RGKIT

0.530 0.00730 0.133 -0.00225 3.767 t.220
0.506 0.0185 0.584 0.0161 0,313 1.385
0.430 0.0 9 0,467 0.00359 7.667 1.004

0.588 0.02t4 0.576 0.0334 0.168 1.071
0.488 0.0590 L302 0.0275 0.008 1.500
0.350 0.0239 1.613 0.0794 25.280 1,077
0.406 0.0558 2.308 0.116 0.083 1.998
0.424 0.0653 2.530 0.0935 24.954 L938

0.9 0.00496 0.073 0.00386 13.099 1.649
0.958 0,021I 0.375 0.00252 -0.008 0.910
0.949 0.0847 2.573 0.0121 3.509 0.784
0962 0.187 2303 0.0225 1.027 t.279

74

L.E. Thompson et. al. F-l alt a 0.633 0.0719 1.232 0.0397 0.080 2.208
L.E. Thompson et. al. F-l altb 0.605 0.0748 1.437 0.0404 -0.172 2.474
L.E. Thompson et. al. G-l alta 0.890 0.0860 t.ztl 0.0167 0.193 1.284
L,E. Thompson er. al. C-l altb 1,05t 0.112 1.413 0.00665 0.383 0.814
L.E. Thornpson et. al. H-l alta 0.563 0.0641 1.308 0.0577 0.100 2.068
L.E. Thompson et. al. H-l altb 0.435 0.0745 1.308 0.0144 -0.071 2.485
L.E. Thompson et. al. F-2-l alt a 0.616 0.0594 1.253 0.0751 1.040 0.768
L,E. Thompson et. al. F-2-l altb 0.688 0.0404 L002 0.0937 0.316 0.674
L.E. Thompson et. al. F-2-2 alt a 0.647 0.0781 3.339 0.0578 0.652 0.658
L.E. Thompson et. al. F-2-2 altb 0.818 0.102 1,412 0.0575 11267 0.767
L.E. Thompson et. al. F-2-3 alt a 0.847 0.0558 2.t74 0.0989 0s62 0.500
L.E. Thompson et. al. F-2-3 altb 0,825 0.0282 2.174 0.143 -20.982 3.696



Table 4.13 Non-dimensional curve fitting parameters for double web angle connections

Author Test ID öu Mo So Sn nl nt
C.W. l,€wií êt. ¡1, FK4AB.M 1.082 0.0550 1.085 0.0321 7.690 õS5?
B. Bose B-l
L.E. Thompson Al-l âltâ
L,E. Thompson All altb
L.E. Thompson Al-2 âlta
L.E. Thompson Al-2 âlt b
L.E. Thoû¡pson Al-3 aha
L.E. Thompson Al-3 alt b
L,E. Thomplon Bl-l ålt ã

L.E. Thompson Bl-l all b
L.E. ThompsoÍ Bl-2 all a
L.E. Thompson Bl-2 slt b
L.E. Thompson Bl-3 ãlt ¡
L.E. Thompson BI-3 all b
L.E. Thompson Dl-l all a

L.E. thompson Dl-l alr b
L.E. Tlìompson Dl-2 alt a

L.E. Tlrompson Dl.2 alt b
L.E. ñompson Dl-3 alta
L.E. Thompson Dl-3 alt b
L.E, Thompson El-l âll ¡
L,Ë, Thompsor El.l all b
L.E. Thonpsor El.2 alr å

L.E. thompson El-2 alr b
L.E. ñompson El-3 altâ
L.E. Thompson El-3 altb
L.E. Thompson A2-l all a
L.E. Thompson A2-l alrb
L.E. ïïompson A2-2 

^lt 
e

L.E. Thompson Ì\2-2 âllb
L.E. thompson A2-3 all a
L.E, Thompson A2-3 alt b
L.E. Thompson B2-l alta
L.E, Thompson B2-l ait b
L,E. Thompson 82.2 ålta
L.E. Thompson B2-2 dt b
L.E, Thompson B2'3 slt ¡
L.E. Thompson B2-3 alr b
L.E. Thompson C2-l alt â
L.E. Thompson C2J all b
L.E, Thompson C2-2alla
L.E. Thompson C2'2 dl b
L.E. Thompson C2-3 åll a
L.E. Thompson C2-3 all b
L.E. Thompson D2.l all ¡
L.E. Thompson D2-l alt b
L.E, Thompson Ð2-2 alla
L,E, Thompson D2-2 alr b
L.E, Thompson D2-3 alt 6
L,E. Thompson D2.3 åll b
WH. Sommer Test 2l
l,V.H, Sonher Tesl22
W,H, Soñl¡er Test 23
W.H, Sommer Test 24

r.053 0.0319 0.393 0.0138 0.144
1.090 0.0190 0.208 0.0161 .0.028

0.t32 0.0961 3.t18 0.8510 .0.028 2.179
0.852 0.0211 0.155 0.0229 0.005 114.943
0,639 0.0201 0.t38 0.0207 0.005 188.6?9
0.622 0.0215 0.401 0.0266 1,093 t.927
0.798 0.0334 0.38¡ 0.0180 -0.00? Ls45
0.723 0,0269 0.533 0.0243 -0.03E

¡.834

1.763

I 626

I.133

0,56t

t.451

t,197

1.548
t.172
l I05
t,500

0.709 0.0263 0.601 0.0233 0.655 t.116
0.132 0,0591 1.t39 0.0242 5.065 0.921
0.828 0.0609 t.302 0.0203 3,376 Lt68
0.800 0.0410 1.315 0,0345 -0.133 1.80t
0.916 0.0370 t.256 0,0t04 -0.049 2,623
t,057 0.0?49 1.311 0.0069 0.4t9 t.069
1.35J 0.0710 1.3{¡ 0.0023 2,029 0.764
0.6t7 0.0446 0.8¿3 0.0101 -0.026
0,5t5 0.0440 0.854 0,0122 4.042 0.926
t.026 0.0563 0.827 0.00?t 1.097

t.088
l.3l t

0.721 0.0357 0.739 0.0276 .0.127 2.222
0.651 0.0509 r.848 0.0353 30.946 0.699
0.732 0.0602 1.848 0.0295 18.308 0.86t

0.728 0.0565 0,8t4 0.0083 1.917
0,822 0,0436 0.880 0.02t4 0.263

0.575 0.0358 1.5?4 0.0423 0.507
0.807 0,0444 t.319 0,0303 0.253

0.893 0.0166 1.174 0.038t o.t79

0.762 0,0507 1.387 0,0161 0.002

0.743 0.0530 2.011 0.0364 31.079 0.'172
0.754 0.0520 2.01t 0.0364 4.069 L865
t.346 0.0255 0.393 0.0 9 1.373 0.619
t.230 0.0211 0.288 0,01t3 1.823 0.667
f.3?r 0.0327 0.561 0.0t02 0.55t 0.173

5.831
1,080

1.185
1.980

0.98{ 0.0221 0.179 0.0109 0.84? 0.907
0,902 0.0348 0.412 0.0261 1.542 0.¿55
0.693 0.0160 0,601 0.0283 88.465 0.282
0,452 0.0177 0.720 0.0129 4.541 s,l8l
0.903 0.0080 0.3¡7 0.0455 12.927 -1.619
0,786 0,0056 0.878 0,0514 24.503 .t.617
0.481 0.0173 0.581 0.0506 -t.232 9.814

0.713 0.037¿ 0,174 0.0333 0.812 0.83ó
0.667 0.01?0 4.402 0.0525 43.358 0,961
0.710 0.0413 0.880 0.0280 0.004 0.989
0.641 0.0137 r.l8t 0.07J1 -1s,143 2.278
0;t62 0.0292 0.944 0.0509 -0.023 t.202

0.814 0.062t 1.040 0.0t54 t.131 0.490
0.419 0.007r t,332 0.0463 4t.685 .4.69s
0.613 0.0193 1.997 0.06t5 78.131 0 6?0
0.600 0.0233 2.24t 0.053t 0,786 0.5
0.ss7 0.0450 1.494 0.03s2 0.441 t.000
0.793 0.0684 0.315 0.0603 -0.0?0 3.115
LO52 0.1660 1.009 0,0569 2.046
0.985 0.0?00 0,518 0,0458 {.006 2,214
t.024 0.0972 0.749 0,0073 3.3?5

C. O¡uan
C. Onuah
C- Onùáh

A()IB
402
.A03

t.157 0.1380 3.2', 0.0ó91 0.419 0,893
1,068 0.t080 1.090 0.08t5 {.06t 2.290
0.804 0.1590 t.392 0.0?80 0.525 2.021
1.042 0.1180 0,906 0,0?03 9,483
0.922 0,0714 1.215 0,1550 1,955
1.23s 0.1360 l.?65 0.1030 2.393
t.365 0.6500 0.850 0.0550 .3.000
0.938 0.1050 1.500 0.06'5 1.000 1.000
t.!33 0,0750 0.900 0.0300 t.000 1.000
t.05s 0.0723 0.113 0.0?63 .1.007 0,961
r,168 0,0750 2.s00 0.0800 ¡.000
0.979 0.0589 1.155 0.0760 22.A15

1300
l.¡l5g

0.?00 0.06?5 2.650 0.t350 .2.1't5 2,108
0.510 0,0889 t,090 0.2350 t6.501 0,994

C. Onuãh 404
C. Onuâh ,/{07
C. Oruah 408
C. Onùah Al0
C, Onusl¡ Al I
C. Onuah Al3
C.Onuåh Al1
C,ODUa¡ AI5
C, Onuâl' A16
C. O'ìuaI Á18
C. Onua} Al9

75



Table 4.14 Non-dimensional curve fitting parameters for top and seat angle connections

Author Test ID 0u M" So Sp nr n2

M.J. Marley A-l/4-1 0.640
M.J. Marley A-ll4-2 0.316
M.J. Marley B-114-l 0.256
M.J. Marley B-1/4-2 0.448
M.J. Marley C1-l/4-2 0.669
M.J. Marley C2-l/4-l 0.731
M.J. Marley C2-ll4-2 0.727
M.J. Marley D1-1/4-l 0.545
M.J. Marley Dl-l/4-2 0.740
M.J. Marley D2-114-1 0.547
M.J. Marley D2-l/4-2 0.476
M.J. Marley D3-l/4-l 0.431
M.J. Marley D3-114-2 0.744
M.J. Marley A-112-1 0.607
M.J. Marley B-112-1 0.610
M.J. Marley B-1/2-Z 0.310
M.J. Marley C1-l/2-l 0.538
M.J. Marley C1-l/2-2 0.567
M.J. Marley C2-ll2-1 0.560
M.J. Marley C2-1/2-2 0.595
M.J. Marley D1-l/2-l 0.598
M.J. Marley D1-1/2-2 0.616
M.J. Marley D2-1/2-1 0.715
M.J. Marley D2-l/2-2 0.552
M.J. Marley D3-l/2-l 0,650
M.J. Marley D3-l/2-2 0.631
S.M. Maxwell Al 0.143

S.M. Maxwell A2 0.145
S.M. Maxwell A3 0.143

0.0891 1.915
0.0752 1.542
0.0875 21.381
0.0577 3,77 |
0.t02 3.661
0.0902 4.839
0.0972 2.056
0.0808 0.79t
0.0873 0.802
0.0903 l.l07
0.0842 2.518
0.0805 1 168

0.0708 0.401
0.317 2.793
0.320 9.951
0.276 7.t55
0.365 5.647
0.371 17.768
0.333 t1.298
0.333 3.598
0.376 5.388
0.353 9.4s0
0.376 17.69t
0.400 4.943
0.363 7.795
0.409 4.346
0.0825 5.165

0.143 3.800
0.143 2.939

0.146 3.74s
0.0907 3.188
0.113 2.448
0.144 2.5s5
0.144 2.877
0.145 2.458
0.268 2.492
0.154 3.462
0.255 3.815

0.0513 4.310 0.722
0.0891 2.040 0.772
0.0886 2.242 0.543
0.103 0.335 1.109
0.0310 0.742 0.791
0.0483 1.023 0.728
0.0397 0.522 0.860
0.0679 1.821 1.979
0.0392 2.636 0.988
0.0677 0.007 1.184
0.105 0.004 0.709
0.0186 t.345 0.978
0.0334 -0.045 2.845
0.t92 2.240 1.439
0.t67 3.819 0.685
0.261 2.459 0.883
0.162 t.657 1.017
0.217 -0.013 0.747
0.178 2.267 0,739
0.t57 1.948 1.065
0.t74 0.001 1.526
0.2t7 3.374 0.906
0.114 0.245 1.133
0.102 l.863 1. I 15

0.133 2.758 0.836
0.0948 0.454 1.203
0.458 0.007 1.180

0.409 1.858 0.895
0.270 t.723 0.928

0.612 t.733 0.890
0.786 2.t69 1.021
0.778 1.685 1.510
0.545 2.429 1.127
0.721 2.747 0.702
0.845 -0.012 4.t43
0.0253 1.989 0.927
0.761 1.402 1.290
0.0973 1.708 0.922

S.M. Maxwell A4
S.M. Maxwell B1
S.M. Maxwell 82
S.M. Maxwell B3
S.M. Maxwell B4
S.M. Maxwell Cl
S.M. Maxwell C2
S.M. Maxwell C3
S.M. Maxwell C4

0.143
0.145
0.148
0.145
0.143
0.145
0.146
0.137
0.124



Table 4.15 Non-dimensional curve fitting parameters for top and seat angle connections
with double web angles

Author Test ID 0u Mo So Sp nl n2

A. Azizinamini et. al. 8Sl 0.642 0.325 5.594 0.187 0544 1.232
A. Azizinamini et. al. 8S2

A. Azizinamini et. al. 8S3

A, Azizinamini et. al. 8S4
A. Azizinamini et, al. 8S5

A. Azizinamini et. al. 856
A. Azizinamini et, al. 857
A. Azizinamini et, al. 8S8
A. Azizinamini et. al. 8S9
A. Azizinamini et. at, 8Sl0
A. Azizinamini et. al. 14Sl
A. Azizinamini et. al. l4S2
A. Azizinamini et. al. 1453
A. Azizinamini et. al. 14S4

A. Azizinamini et. al. l4S5
A. Azizinamini et, al. l456
A. Azizinamini et. al. l4S8
A. Azizinamini et, al. l4S9
A. Azizinamini et. al. l4WSl
A. Azizinamini et. al. l4V/S2

0.450 0.443 18.068 0.0645 2.362 0.849
0.624 0.387 8.402 0.254 2.836 t.223
0.645 0.161 1.261 0.088 2.375 1.233
0.637 0.315 6.923 0.190 4.t93 0.993
0.643 0.238 4.395 0.147 1.638 1.023
0.640 0.3s0 3.485 0.200 -0.2s0 2.416
0.628 0.345 4.665 0.250 1.750 1.348
0.612 0.395 8.600 0.250 1.594 1.043
0.402 0.555 41.254 0.463 0.307 0.993
0.495 0.195 7.105 0.162 7.528 0.792
0.477 0.270 11.809 0.250 9.685 0.638
0.497 0.175 3.199 0.191 6.474 0.924
0,486 0.235 5.584 0.209 4.096 1.202
0.475 0.250 13.798 0.305 13.361 0.556
0.480 0.330 6.352 0.190 1.166 1.262
0.45s 0.465 14.760 0.335 2.810 1.231
0.470 0.305 6.276 0.220 6.510 0.999
0.485 0.294 9.115 0,155 2.251 0.758
0.452 0.415 35.440 0.145 2.875 0.570

Table 4.16 Non-dimensional curve fitting parameters for header plate connections

Author Test ID 0u n2nlspsoMo

W.H, Sommer Test 5

W.H. Sommer Test 6
'W.H. Sommer Test 7

W.H. Sommer Test 8

W.H. Sommer Test 9
W.H. Sommer Test 10

W.H. Sommer Test I I
W.H. Sommer Test 12

W.H. Sommer Test 13

W.H. Sommer Test 14

W.H. Sommer Test l5
W.H. Sommer Test 16

W.H. Sommer Test 17

W.H. Sommer Test 18

W.H, Sommer Test 19

W.H. Sommer Test 20
W.H. Sommer Test 25
W.H. Sommer Test 26
W.H. Sommer Test27
W.H. Sommer Test 28

0.847 0.0952 t.729
0.342 0.005s 0.0823
0.2'79 0.0200 0.517
0.397 0.0555 0.750
0.487 0.0720 1.129
0.3s0 0.0s74 0.684
0.689 0.106 2.804
0.607 0.203 2.443
0.398 0.0177 0.208
0.457 0.0561 0.420
0.563 0.0663 0.841
0.7s4 0.0997 1.571
0.354 0.0121 0.146
0.397 0.0198 0.209
0.669 0.0573 0.443
0.695 0.0917 1.074
0.613 0.0241 0.264
0.3 t0 0.0105 0.222
0.440 0.0753 0.674
0.553 0.0170 0.226

0.115 4.800 1.9'.72

0.0s9 -t0.923 8.979
0.0662 5.682 0.389
0.045 1.000 1.500
0.105 1.982 1.477
0.0734 2.795 1.206
0.106 11.461 0.791
0.0978 2.348 1.244
0.0786 3.109 0.919
0.0609 1.159 3.920
0.0470 4.659 0.968
0.0758 3.67t 1.289
0.0430 1.665 5.871
0.0554 1.103 2.623
0.0353 2.233 r.282
0.0508 0.978 1.816

0.0348 z.ttt 1.543
0.0267 4.485 1.430
0.0659 2.437 1.286
0.0555 l.4ss 0.832
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Table 4.17 Non-dimensional curve fitting parameters for flush end plate connections

Author Test ID 0u M" So Se nr rlz

J.R. Ostrander Test I
J.R. Ostrander Test 3
J.R. Ostrander Test 4
J.R. Ostrander Test 9
J,R. Ostrander Test I 1

J.R. Ostrander Test 12
J.R. Ostrander Test 13

J.R. Ostrander Test 17
J.R. Ostrander Test l8
J.R. Ostrander Test 19

J.R. Ostrander Test23
J.R. Oshander Test 2
J.R. Ostoander Test 5
J.R. Ostrander Test 6
J.R. Ostrander Test 7
J.R. Ostrander Test 8

J.R. Ostrander Test 10

J.R. Ostrander Test 14
J.R. Ostrander Test 15

J.R. Ostrander Test 16
J.R. Oshander Test 20
J.R. Ostrander Test 21
J.R. Oshander Test22
J.R. Ostrander Tesl24

0.818 0.402
0.781 0.353
0.538 0.167
0.879 0.44r
0.799 0.283
0.781 0.393
0.574 0.422
1.116 0.331
1.005 0.373
0.660 0.317
0.356 0.436
0.750 0.453
|.517 0.468
t.092 0.4t6
0.751 0.229
0.660 0.188
0.718 0.518
0.699 0.294
0.362 0.430
0.443 0.s33
1.040 0.300
0.987 0.41s
0.621 0.379
0.272 0.518

4.781 0.107 0J52 1.518
5.588 0.0990 2.Itt 1.055
2.794 0.t27 -0.017 L892
10.070 0.113 -0.027 1.337
4.8s5 0.141 2.192 1.350
7.767 0.t44 -0.038 1.635
4.854 0.220 3.101 1.120
4.854 0.0280 0.366 1.093
2.987 0.0506 0.463 1.376
4.730 0.110 2.702 t.tl7
7.767 0.327 2.562 1.194
6.103 0.130 2.9t6 1.222
5.588 0.0839 -0.017 1.665
8.748 0.0602 0.631 0.961
3.105 0.0686 0.047 1.244
5.588 0.119 1.007 1.057
21.653 0.191 5.485 0.758
9.7t0 0.196 8.248 0.402
9.709 0.267 |.325 1.120
t2.945 0.207 0.019 1.530
3.530 0.0876 -0.012 1.808
3.884 0.0931 0.375 1.325
7.767 0.145 0.117 1.421
13.485 0.374 -0.024 1.735
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Table 4.1 8 Non-dimensional curve fitting parameters for extended end plate connections

Author Test ID 0u Mo So Sp nl n2

-

S.A.Ioannides Test I 036?
S.A.loannides
S.A.Ioâ¡nides
S.A. foa¡nides
S,A,Ioannides
R.J. Dews
R,J. Dews
A.N. Sherboume
J.R. Ba¡l€y
J.R. Bailey
J.R. Bsiley
J.R. Bailey
J.R. Bâiley
J.R. Ba¡l€y
J.O. Surtees et. al,
J.O. SurteÆs et. al,
J.O. Sùrtegs et. al.
J.O, Surtees et. al.
J.O. Surtees et. â1.

J.A. PÂcker el. al,
J.A. Packer et. al,
J.A. Packer et. al.
P. Crundy et. al,
P, Grundy €t. al.
A.N. Sherboume
A.N. Sherboume
A.N. Sherboums
A,N. SheÉoume
L.G. Johnson et, al,
J.R. Bailey
J.R. Bailey
J.R, Båiley
J,R. Bailsy
J.R. Ba¡ley
J.R. Bailey
J.R. Bailey
J.R. Bâiley
J.R. Bâiley
J.R. Bailey
J.R. Bailey
J.R. Bailey
J,R. Bailey
J.R. Bailey
,.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.R. Bailey
J.G. Surtees et. al.
N.D- Johnstone et. âl-

N.D. Johnstone et. al.
N.D. Johnstone et. å1.

N.D. Johnstone et. al,
N.D, Johnstone €t. al.
N.D. Johnstone et, al.
N,D. Johnstone et. al.
N.D. Johnstone et. al.

Test 2
Tesl3
Test 4
Test 5

Test I
lest2
TestAl
Test Al-L
Test Al.R
Test A2-L
Test A2-R
Test A3.L
TestAS-R
Test Cl
T€st C2
T€st C3
Test C4
Test C5
Test Jl
TestJ2
T€st J3

TI

Test A2
Test A3
Test B I
Test 82
Test 5

B4-L
B4-R
B5.L
B5-R
B6.L
B6.R
B7.L
B7-R
E8.L
B8.R
c9.L
c9-R
ct0-L
cr0.R
cl l-L
cl t-R
ct2.L
cl2-R
c t3-L
c l3-R
Test C6
Test l.L
Test l-R
Test 2-L
Test 2.R
Test 3.L
T€st 3-R
Test 4.L
Test4-R

0.320 0.s55 66.779 0.785 0.261 1.049
0.168 0.4n 50.001 0.382 t.t16 0.?58
0.611 0.64t 33.6t0 0.458 0.345 0.969
0.563 0.668 t6.400 0.429 t.295 0,945
l.l 17 0.534 2.53t 0.222 2.92t 2,02t
0.877 0.432 4.196 0.407 234t 4.574
0.t97 0.9s3 23.500 0.368 0.303 2.166
0.504 Lt23 4.911 0.204 5.284 1.086
0.45s t.2t4 13.s73 0.0213 l.l4l 1.670
0.378 1.500 8.054 {.0532 7.24t 0.946
0.4t4 L263 ll.64t 0.483 t.734 1.080
0.306 1.471 7.4t3 -0.0469 4.629 1.010
0,359 1.559 15.557 -0.0898 0.024 2.9s3
0.t12 0,584 2t.546 r.907 2.486 0.820
0.582 1.031 13.t00 0.311 10.503 0.525
0.584 l.2ll t6.129 -0.0539 5.480 1.555
0.584 1.069 1.458 0.386 4.591 9.609
0,584 r.057 14.897 0.616 0.193 2.007
1.2s3 1.237 t3.597 0.166 -0.010 t.074
0.830 0.694 6.243 0.3t9 1.4t9 I,23t
0.886 0.74t 6.243 0.257 1.183 t.zto
0.069 0.u3 25.232 4.942 _0.040 3.410
0.080 0.854 24.24t 1.703 L786 2.653
0.356 1.882 97.800 0.000 0.632 0.852
0.477 t.602 49.4t7 0.985 1.083 1.97t
0.899 1.581 56.857 0.402 -0.033 !.327
0.518 L72t 129-7t5 0.203 0.498 0,930
0.199 0.152 14,319 0.822 3.356 t.t49
0,346 1.303 14.913 0.457 6.04t 1.313
0.3t7 1.156 18.869 0.870 8.552 t,U3
0.634 1.068 9.0t5 0.161 8,208 t.282
0.612 l.l0l 2t.494 0.0954 8.667 t.056
0.580 0.915 5.272 0.416 8.050 t.036
0.685 1.035 8.241 0.216 6.707 t.381
0.7t7 f.022 6.876 0.170 7.585 1.474
0.551 1.148 8.208 0.0224 4.668 t.433
0.263 1.046 t9.218 0.676 9,283 t.2t9
0.418 t.023 5.728 0.366 6.257 t.030
0.114 0.598 ?.871 t.482 2.66t 2.724
0.315 0.828 7.088 0.0816 3.2t7 1,528
0.196 0.971 2s.400 1.549 1.730 l.gn
0.263 1.176 19.848 0,303 0.442 1.848
0.114 0.642 14.445 1.449 3.687 0.548
0.087 0.490 9.541 2.907 0.932 6.572
0.499 r.089 7.638 0.22t 4.270 t.425
0.701 L289 12.357 0.0685 2.171 1.856
0.247 0.831 8.923 0.319 2.860 0.784
0.299 0.868 13.7s4 0.0242 2.47t 0.816
0,517 t.027 18,943 0.233 18,135 0.44?
Llt4 1.195 48.622 0.107 6,378 0.736
0.569 t.l8l 33.458 0.255 .0.019 t.426
I.195 l.l3l t1.171 0.t91 1t.045 I.536
0s42 r.057 t9.732 0.239 3.980 0.813
0.867 Ll30 13.590 0.138 -0.029 l.2ll
0,542 0.905 t5,268 0.365 2.080 0.943
1.535 t.292 22.605 -0.019 1.205 0.634
0.651 0.822 4.707 0.t49 2.0t4 1.354
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Alsþ_Sj¿sDgqislqllslr A x B x t
where; A is the length ofthç anglc along beam

B is the length oftie ar¡gle along column
t is the thickness ofthe angle

Geomekic PaEmeters:
Lp = angle height
d = distanc€ from the top/tottom edge ofthe a¡gle to the compressior/tension flânge ofthebeari
gb = distance fiom the anglc's he€l to the center ofbolt holes in log adjacent to the beam web face
gc = distance from fhe anglc's heol to the ccnter ofbolt holes in leg adjacent to the column face
c = distanco from the cenho ofupper/lower fastener holes to the top/bottom edge ofthe angle in the beam web
p = distance between two rows of fastene¡s in the beafn web/column
nb : total number offasteners in the beam
nc = tolal number offasteners in the column

Figure 4.1 Single Web Angle Connection

Geometric Pa¡amete¡s:
Lp = angle height
d = distance from top/bottom edge of the angle to the compression/tension flange ofthe beam
t = thickness ofplate
gb - distance from tho angle s heel to thc centrç of bolt holes in leg adjacant to the beam vob face
c = distance from the centro ofupper/lower fastener holes to the top/bottom edge ofthe angle in the bearn tveb
pb = distance between two rows of fasteners in the beam web
nb = total number offasteners in the beam

Figtxe 4.2 Single Plate Connection
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4!sþ..1t¡ZsD$!s!qtie!r A x B x t

where:A is th€ lenglh oftho angle leg along bean
B is the lengl¡ ofthg ¡ngle leg along column
t ¡s the thickness ofthe a¡gle

Geomel¡ic Pa¡ameters:
Lp = a¡gle height
d = dislanc¿ from the top/¡ottom edge ofthe a¡gle to lhe compression/tension fla¡ge ofihe bearn
gb - dist¡nc¡ ÍÌom the a¡gle's heel to lhe c€nter ofbolt holes ¡n leg adjacent to t¡9 beårn web fac¿
gc = distâ¡c¡ from thÊ a¡gle's hoel to the ænter ofbolt holes in leg adjacent to the qolumn façe
o = dislanc¡ Íìom th€ c¿nt¡e ofupper¡ower faster¡or holes to lhe top/bottom edge ofthg ângle in the beam web
p = distancê between two rows of fasteneF in the beùn web/column
nb = total number offastenê¡s in the beam
nc = lotâl number offasteners in lhe column
qb = distance behveen two lines offasteners in the beam rveb
qc = d¡sta¡a¿ behveen two lines offasteners in the column

Figure 4.3 Double Web Angle Connection

Ansle Siz€ Desisnation: AxBxtxL
wherg:A is t¡e length oflho angle leg along b€am t is the t¡ickness ofthe angle

B is the length oflhe angle leg along column L is the width off¡e angle

C€omeh¡o Pa¡ameters:
nt = total number offasteners in the tension besm fla¡ge
nt' = total number offast€ners in leg adjacent to thÊ column fac¿ in tension side
ns = total ñùrnber offastene¡s in the compression beam fla¡g€
ns' = total number offastenÊrs in leg adjac€nt to tho column face in comp¡ess¡on side
I = width afår'sle

Figure 4.4 Top and Seat Angle Connection
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Angle Size Desisnation: Flange Angles: A¡x B¡x t¡x L¡

Web Angles: Ay¿ x B* x t1¡, x Le7
where: A¡ is the lenglh of the flange angle leg along beam

B¡ is the length of the flange angle leg along column
t¡is the thickness ofthe flange angle
L¡ is the width of the flange angle

Aye is the length of the web angle leg along beam
Bsy is the length of the web angle leg along column
ts7 is the thickness of the web angle
Lq¡ is the width of the web angle

Geometric Pa¡ameters:
Flange Angles:
g : Eagefromthetop/seatangle'sheeltothecenterofthefastenerholesinlegon/undertension/compression

flange ofthe beam
g' = gagefromthetop/seatangle'sheeltothecenterofthefastenerholesinlegadjacenttothecolumnface
q : distance between hvo inner lines of fasteners in leg seating/under the tension/compression beam flange
r = distance between two inner lines of fasteners in leg adjacent to the column face in tension/compression side
12 = dista¡ce between outer and inner line of fasteners in leg adjacent to the column face in tension/compression

side where the fastener line number exceeds 3

pf : distance behveen two rows of fasteners
nt : total number offasteners in the tension beam flange
nt' : total number offasteners in leg adjacent to the column face in tension side
ns : total number of fasteners in the compression beam flange
ns' : total number offasteners in leg adjacent to the column face in compression side

Web Angles:
d = distance from the top/bottom edge of the web angle to the compression/tension flange ofthe beam
gb : distance from the web angle's heel to the center of bolt hotes in leg adjacent to the beam web face
gc: distancefromthewebangle'sheeltothecenterofbottholesinlegadjacenttothecolumnface
c : distance from the centre of upper/lower fastener holes to the top/bottom edge of the web angle in the beam web
pw: distance between two rows of fasteners in the beam web/column
nb = total number of fasteners in the beam
nc : total number of fasteners in the column
qb : distance between two lines of fasteners in the beam web
qc : distance between two lines of fasteners in the column

Figure 4.5 Top and Seat Angles with Double Web Angle Connections
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Geomot.iq Pa¡ameters:
lp = length ofplate
c = distancc from center ofupper/lower fast€ners holos to the top/bottom edge ofthe plate
p = dista¡ce betrveen two rows offasteners
It = dista¡ca from the tension beam flarg€ to the top edge ofthe plate
lc = dista¡co from the compression beam flange to the bottom edgo ofthe plate
g = distance between two lines of fastene¡s

Figure 4.6 Header Plate Con¡ection

Geometric PaËmeters:
li : dista¡ce from the cente¡ oftension sid€ fastener holes to the center ofthe comp¡ession side edge ofthe plate
ç = distanc€ fromthe end ofthe plate to tho tensior¡./compression flange ofthe beam
p = distance from thç tension/compression flango to the center of the roì oftension/compression side fastoners
g = d¡stånce between two lines offastene¡s
nt = total number oftension fasteners
nc = total number ofcompression fastenors

Figure 4.7 Flush End Plate Connection
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Geomçtric Pa¡ameters:

li = distance from the center ofthe lower tension side fastener holes to tho ccnter ofthe upper compression side
fastener holes

ct = distance from the tension side edge ofplate to the c€nter ofthe outertçnsion side fastener holes
cc = distance from the outer row offasteners on the compression side to the compression side edge ofplate
pt = distancÆ between two rows oftension side fastcnçrs
pc = distancg bet\yeen two rows ofcompression side fasteners
gt = dista¡¡ce between two inner lines oftension side fasteners
gt2 = distance from the outer line to the inner line oftension sidç fasteners where the fastencr line number exce€ds 3
gc = distanc€ behve€n two inner lines ofcompression side fasteners
gi = distance behveen two inner lines ofcentral fasteners
pi = distance behveon thc two inner rows ofthe central fasteners
pit = distance f¡om thç inner row offasteners on the tension side to the upper row oflhe cent al fasteners
pic = distance f¡om thç innsr ro\v offasteners on the compression side to the lower row oftho central fasteners
nt = total number of fasteners on the tension side of the inne¡ fasteners
nc = total number of fasteners on the comp¡ession side of the inner fasteners
ni = total number ofinner fasteners

Figure 4.8 Extended End Plate Connection
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Table 4.19 M-g data for Lipson: AA-2l1 (1968)

0.0840

0.168

0.218

0.269

0.319

0.369
0.4t7

0.00138

0.00276
0.00360

0.00444

0.00528

0.00612

0.00723
0.465

0.531

0.597

0.660

0.722
0.797

0.872
0.947

t.0l

1.63

L67
t.7t
t.75
1.75

t.75

0.00834

0.0096

0.0108

0.0124
0.0140

0.015?

0.0173

0.0190

0.0206
0.0222

0.0231

0.0252
0.0266
0.0280

0.0302
0.0323
0.0347

0.0392
0.0415

0.0435

0.0456

0.0474
0.0492

|.07
l. t4
t.2t
1.29

1.37

t.42
1.48

|.54

E
2

0,5

0 0_01 o-02 o.ot o_04
Rotational Deformâtion (¡adia¡s)

Figure 4.9 (a) M-0 curve for Lipson: AA-ZI
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Fígure 4.9 (b) Eurocode3 Classification ofl,ipson: AA-Zll

Figure 4.9 M-þ behaviour of Lipson: AA-2ll
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Table 4.20 M-Q data for Lipson: P1-2l1 (1968)

Moment M Rotation, ó
k]\I-m radians

0.2408 0.00014
0.482 0-00028

0.722 0.00043

0.963 0.00057
t.204 0.00071
t.445 0.00085
l-688 0.00109

1.93t 0.00134

2.r7s 0.0016
2.4t8 0.0018

2.612 0.0022
2.806 0.0026
2.999 0.0029

3.252 0.0034
3.s05 0.0039

3.69 0.0M4
3.88 0.0049
4.07 0.0054
4.27 0.0062
4.48 0.0071
4.59 0.0083
4.70 0.0095
4.73 0.0108
4.16 0.0120

Mom€nt, M
kN-m

4.76 0.0146
4.74 0.0160
4.71 0.0t74
4.71 0.0186
4.70 0.0197
4.70 0.0m9
4.70 0.02m
4.77 0.0233
4.44 0.024s

5.00 0.02s4
5.16 0.0263

5.35 0.0273
5.55 0.0283

Rotation,0
radians

z

E

o 0,005 0_0t 0.0t5 0,02 0.025
Rota¡ional Deformation (radiaDs)

Fþre 4.10 (a) M-0 curve for Lipson: Pl-ll
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Fþure 4.10 (b) Eurocode3 Classification ofLipson; P1-2ll

Figure 4. t0 M-{ behaviour oflipson: P1-2l1
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Table 4.21 M-{ data for Thompson: A1-l alt a (1968)

Momeng M Rot¿tion, ô
kN-m radians

2.17 0.00172

5.54 0.00343
8.31 0-00515

l l.l 0.00687
13.84 0.00858
16.61 0.01030
18.44 0.0t530
t9.83 0.0m65
2t.n 0.02600

22.6t 0.03135

24.00 0.03670

zs.n 0.0420s
26.54 0.04740

27.80 0.0s275

29.07 0.05810

29.49 0.06342
29.90 0.06874
30.32 0.07406
30.73 0.07938
31.15 0.08470

32.18 0.08975

33.22 0.09480
35.30 0.09635

37.38 0.09790

Moment,M Rotat¡on,Ö

kN-m radians

4t.53
43.60

45.68

47.76
49.83

5t.91
53.99

56.06

58.14

60.22

62.29

64.37
66.44

50

E
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0

O Eeaiñdrâ¡ Drl!
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0 0,01 0.06 0,09
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Figure 4.11 (a) M-Q cuwe for Thompson: A1-l alt a
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Fþre4.ll (b) Eurocode3 Classification of Thompson: Al-1 alt a

Figure 4. I I M-{ behaviour of Thompson: A I - I alt a
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0 0.02 0.04 0.06 0.08
Rotational Dcformation (radians)

Figu¡e 4.12 (a) M-0 curve for Sommer Test 5

r50

Table 4.22 M-{ data for Sommer: Test 5 (1969)

t25

Ê roo

z

Ë
€io

25

0

0 0.05 0.r-_ q.t5 _ 02 .0.25 0.3 0.35
Nof matqed Rotâûon, Q/0,

Figùe 4.12 (b) Eu¡ocode3 Classification of Sommer: Test 5

Figure 4.12 M-$ behaviour of Sommer: Test 5

93.68 0.06330
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Table 4.23 M-$ Data for Marley: A-l/4-l (1982)

0.20 0.00015

0.40 0.00030

0.65 0.00065
0.9 0.00100

1.15 0.00140

1.40 0.00t80
1.62 0.00n5
1.84 0.00270

2.08 0.00330
2.32 0.00390
2.56 0.00445
2.80 0.00500
3.08 0.00600

3.37 0.00?00

3.56 0.00810
3.75 0.00y20

Momcnt, M Rotat¡on,0
kN-m rad¡a¡s

5_0t 0.02340

5.08 0.02s25
5.15 0.02710
5.19 0.02u0
5.24 0.029?0

s.3t 0.03140

5.38 0.03310

5.45 0.03465

5.51 0.03620
5.57 0.03785
s.63 0.03950
5.70 0.04140
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5.16 0.M330
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Figùe 4.f 3 (a) M-0 curve for Marley: A-1/4-l
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TabLe 4.24 M-Q Data for Ostrander: Test I (1970)

Moment, M Rotåtion, ó
kll-m radians

2.7t
5.31

7.97
10.6

t3.28
15.93

r8.59
2t.24
23.90

26.55

29.2t

0.00030

0.00060
0.0008s

0.00110
0.00r40
0.001?0

0.00205

0.00240

0.0029s
0.00350

0.0M30

Moment, M Rotatiorl 0
Idil-m radians

56.18 0.03155
51.40 0.03400
58.03 0.03645

58-65 0.03890
59.19 0.04t58
59.74 0.04427
60.29 0.0,1695

60.83 0.04963

61.38 0.05232
61.92 0.05500

31.87 0.005t0
34.52 0.00605

37.18 0.00700

39.83 0.00835
42.49 0-00970
45.14 0.01165
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49.42 0.01577
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Table 4.25 M-$ data for Azizinamini: 8Sl (1985)

Monent M Rotation, ô
kN-m radians

1.96

3.18

4.39
5.7

6.98

8.95
10.34

tt.74
13.50

t4.87
t6.23
t7.39
18.56

19.67

20.78

22.81

24.7 |
26.57
za.t7
29.86

30.74
31.63

32.4t
33.19

0.000æ
0.00038

0.00053

0.00076
0.00100

0.00132

0.00151

0.00170

0.00209
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0.00310
0.00344

0.00385
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0.00514
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o.0r62t

Moment, M Rotåtion, {
kN-m ¡adians
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Table 4.26 M-$ data for Ioannides: Test 1 (197S)

Moment, M Rotâtion, {
lòl-m radiâns

4.7t
9.41

14.t2
t8.67
23.2t
27.75

31.53

35.3r
39.08

43.60

48.1I

0.00019

0.00038

0.00057
0.00079

0.00100

0.00121

0-00136
0.00t51
0.00165

0.00184

0.00202

Moment M Rotâtion, ö
I.Ji¡-m radians

94.91

97.12

98.66
r00.2
10t.7
103.3

104.6

t05.9
107.t

108.4

s2.55

56.25

59.95

64.55

69.33

0.0t569
0.01693

0.0t794
0.01894

0.01995

0.02095

0.022.02

0.02310

0.02417

0.02524

0.00240

0.00272

0.00304
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0.00476
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Table 4.27 Sr¡mmary of connection behaviour

connection Resistance stiffrress Range Rotational capacity

Single Web Angle Connection less than 10% nomin

Side Plate Connection less than 10% nominally pinned - semi-rigid

Double Web Angle Connection l-10% nominally pinned - semi-rigid

Header Plate Cor¡rection l-20% nominally pimed - semi-rigid

Top and Seat Angle Connection 5-30% semi-rigid - rigid (braced)

Flush End Plate Connection L0-50% semi-rigid - rigid (braced)

Top and Seat Angle Connection 10-60% semi-rigid - rigid (unbraced)
with Double Web Angles

Extended End Plate 50-100% semi-rigid - rigid (unbraced)
Connections

0% (0of30)

lYo (l of68)

0% (0of20)

39% (ls of38)

t3% Qof24)

0% (0of20)

3l% (18 of58)
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5. Standardization of Connections

5.1 Reasons For Standardizing Connections

5.1.1 Introduction

standa¡dization of beam-to-column connections is well advanced in Aushalia, and in

recent years, there has been a move toward standardization in canada and the united

States. ln the latter two countries, steel design handbooks, published by the steel

industries, that deal specifically with connections incorporate some standardization.

some fabricators in Britain and Europe produce standard connection geometries but no

national or intemational standard exists.

5.1,2 Cost of Construction

Because they are labour intensive, connections often account for a significant part of the

construction cost of a steel frame. Also, for each connection type, there are several

options such as bolts size, skength and spacing, and plate or angle thickness and length.

This requires fabricators to stock a variety of angle sizes, plate thicknesses, etc.

standa¡diz¿tion of connection components can cut costs significantly. other benefits of
standa¡dization are the following:

1. It reduces the risk of using the wrong connection components in the fìeld

2. It requires workers to handle fewer different types of connections thereby

simplifying construction

3. It requires minimal detailing effort by designers and draftspersons since standard

connection details could simply be "called up" into drawings.

5.1.3 Implementation Into A Frame Analysis Progran
Once a standardized menu of connection geometries is established, the experimental M-Q

ctuve corresponding to each standædized connection type is cuwe fitted to the modified
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Richard-Abbott function. The curve-fitting parameters are then incorporated into a

database that can be incorporated into or read by a structural analysis program that can

accommodate nonlinear connection behaviour. Presumabl¡ there may be gaps in the

program's connection database conesponding to the connections for which there are no

reliable experimental data. Over time, researchels can conduct tests and the resulting

experimental data can be curve-fitted to the modified Richard-Abbott function.

Eventually, all of the gaps in the connection database would be filled. Then, analysis of
any steel fiame structure using any of the standard connection t¡pes in the database will

be possible using the computer prograrn.

In this chapter, the following steps are used in the standardization approach:

1. develop a limited menu of standæd connection geometries (standard gages,

material thickness, lengths of connecting plates or angles) using the Canadian,

Ame¡ican and the Aushalian standardízed initiatives as a guide;

2 compare the standard menu with the existing experimental data to determine for

which standard connection types there are moment-rotation data;

3. attempt to use interpolation ot extrapolation to obtain M-$ curves for the

standard connections in the menu for which experimental data are not available'

a¡rd

4. make recommendations for experimental testing for the standard con¡ections for

which there are no experimental data

5.2 Sunmary Of Current Standardization Practice

5.2,1 Canada

The Canadian Institute of Steel Construction handbook (CISC, 1991) contains tables of
recommended component sizes and capacities for several common comection types.

lncluded are standard dimensions and sizes for single web angle, double web angle,

header plate and top and seat angle connections. CISC has also published a handbook

titled Standardized Shear Connections (CISC, 1994) which covers non-moment-resistant

con¡ections. This handbook incorporates a connection designation system and design
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tables. It makes no attempt to standa¡dize typical moment resistant comections such as

flush and extended end plate connections.

5,2.2 United States

The American Institute of Steel Construction specification "Load and Resistance Facto¡

Design" (AISC-LRFD, 1986) contains a detailed description of connection geometries.

The AISC Handbook of Steel Construction (AISC, 1986) contains tables of
recommended component sizes for several common connection types. These include

connection capacity tables that incorporate standard gages, pitches, etc. AISC has also

published a handbook on shear connections (AISC, 1994) which covers non-moment

resistant connections. Most North American fabricators base their connection details on

these standards.

5.2.3 Australia

The Australian I¡stitute of Steel Construction (AISC, 1991) has done the most to promote

standardization of corìnections. The Standardized Structural Connection manual (1991)

covers standardization of palameters and connection components, and incorporates a

connection designation system. It includes suggested steel grades, weld types and sizes,

and bolt types and diameters. This manual covers both shear and moment resistant

connections,

5.3 Standardization

5.3.1 General

Standardized Beam. Column and Connection Material Prooerties

The CISC Handbook of Steel Construction (CISC, 1991) defines CAN/CSA c40.21-M

300W as the standard weldable steel normally specified for building construction. Since

the purpose of this study is to investigate the behaviour of steel building frames, G40.21-

M 300W is the recommended material standard for beams and columns that a¡e fastened

together by the connections described in this chapter. The CISC Standardized Shear

Connections Handbook (CISC, 1994) also recommends CAN/CSA G40.21-M 300S/ fo¡

non-moment-resista¡t beam-to-column con¡ections. Thus, the proposed standardized
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material for all connections is CAN/CSA G40.21-M 300rü/. Cunently, the CISC

Handbook contains tables that give the factored bearing resistance of bolts for several

connection details and material properties. Since connections would have only one

standard material designation the Handbook could use one table for design of bolt

bearing resistance.

Standardized Bolt Material Properties and Size

Section 3 of the CISC Handbook contains bolt data for both metric (SI) series and

Imperial series bolts. The material properties for metric series bolts are based on ASTM

Specifications 4325M and 4490M and for the Imperial series on ASTM Specifications

A325, A490 and 4307. The CISC Standædized Shear Con¡ections (CISC, 1991) manual

discusses the ¡eluctance ofbolt producers to stock both metric and Imperial sizes. Bolt

manufacturers usually only stock the Imperial sizes because they sell to both U.S. and

Canadian clients. However, all U.S. Federal Govemment agencies are to convert to SI

and target dates are in place. Therefore, before long, the inclination will be for North

American bolt producers to produce metric sized bolts exclusively.

The recommended standardized bolt designation and the recommended standard bolt

sizes are selected based on the metric series. For flexible and semi-rigid connections

(single and double web angle, header plate and top and seat angle connections) the

standard bolt size is M20-A325M. The moment resistant connections are classified as

either ductile or non-ductile, The ductile types of connections are flush end plate and

extended end plate con¡ections with a thin plate (t = 16 mm). For ductile connections the

standard bolts size is M20 4325M and for non-ductile connections (t = 28 mm) the

standard bolt size is M24-A325M. The 4490M designation, which is approximately 25

oá stronger, is not selected in the standardization scheme because of its limited use and

higher costs.



Standardized Welds

The electrode classification that matches G40.21 Grade 300 steel is E 480 )o(. The GISC

Handbook also contains tables ofresistances for weld groups based on E 480 )o(. This is

also the electrode chosen in the standa¡dized strucfu¡al cormections manual published by

the Australian lnstitute of steel construction (1991). since E 480 )o( is the prefened

choice, it is the proposed standardized elechode classification selected.

The CISC Handbook contains no standa¡dization for the size of the fillet welds.

However, the AISC Standardized Structural Connections manual includes two

standardized fillet weld sizes; 6mm and 8mm. In this stud¡ Bmm is the choice as the

standardized fillet weld size.

5.3.2 ConnectionGeometry

The purpose of this study is to limit the number of possible geometries for each

connection type. The benefit of this would be lower costs and simpler detailing because

of standardized component sizes. The approach used is to review the existing

standardization in the North American and Australian codes and to fi¡rther limit the

recommended options. For example, if thrce angle sizes are given for a certain

connection type, one ofthe three is chosen as the standardized angle. The slight increase

in cost for extra material is offset by a reduction in the fabrication cost and detailing

effort required. This is because fewer types of connections are specified to the

manufacturer and catalogued standard details are more simple to specifi into drawings.

5.3.2.1 Single Web Angle Connection

Curent Practice

The CISC Handbook presents standard angle sizes and geometries for single web angle

connections. There is one angle size designation; 100 x 75 and tltee angle thicknesses; 6,

I a¡d 10 mm. There is only one choice for gauge, pitch and end distances. The gauge

distance, g, defined as the dist¿nce from the centre of the beam web to the centre of the

bolt group along the column flange, and the gauge distance g¡, defined as the distance

from the column face to the centre of the bolt group along the length of the beam, are

both 65 mm. The pitch, defined as the distance between two rows of bolts, is 80 mm.
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The end distance, c, defined as the distance ftom the edge ofthe plate to the centreline of
the nearest bolt is 35 mm. Fou¡ options are given for the bolt diameter; two metric, M20

and 1v122 and two Imperial, 3/4 andT/8. The maximum number of bolts per vertical line

is 8.

Selected Standardized Geometry

Although the CISC Handbook presents st¿ndard component sizes for single web angle

connections, there a¡e still many combinations of options available to the designer. It is
the purpose of this study to limit these options. Thus, the following standardized

component geometry is recommended:

Angle Size: 100 x 75

t=10mm

8= 9r:65 mm

P:80 mm

c=35mm

du = M20 4325M

L = 150, 310, 470 or 630 mm

n= 1x2, 1x4, 1x6 or 1x8

In this case, the larger value of thickness and the smaller bolt diameter are the

standardized selections. The smaller bolt diameter is used because web angle

connections are not permitted to t¡ansfer appreciable moment. An angle thickness of 10

mm is selected because the shear plane tends to cross bolt threads for thinner angles, thus

reducing bolt capacity. Table 5.1 shows the four standardized designations and the

corresponding angle lengths and bolt layout. Figure 5.1 shows a diagram of the

standardized single web angle connection. Thus, a single web angle connection is

specified simply by its length preceded by the initials of the con¡ection tlrye. For

example, a swA-310 is a 100 x 75 single web angle connection fabricated from G40.21-

103



M 300w steel with angle thickness, gauges, pitch and bott diameter as defined above. It
has one line offour ASTM 4325 bolts.

Available Experimental Data

The tests for the single web angle con¡ection are by s.L. Lipson (196g). Table 5.2 tists

the geomehic paÌameters for each test specimen that closely resembles those from the

standardized designation. Angle lengths of 140,292 ønd 445 mm match the first th¡ee

standard designations. There are no tests for swA-630. Gauge distance, pitch and bolt

data are very close to the standard designations. All of the test specimens uses 6 or g mm

thick angles compared to 10 mm for the standa¡dized connection. By analyzing the

curve-fitting data the increase in Mo, so and so is approximately 50vo for each 2 mm

increase in angle thickness. Thus, the modified Richard-Abbott pa¡¿rmeters listed in
Table 5.3 æe extrapolated from the available curve-fitting data.

5.3.2,2 Single Plate Connection

Current P¡actice

The curent North American mæruals do not give standard details for single plate

corurections. The CISC standardized shear connections manual (cISc, 1994) expresses

concem that single plate connections possess excessive stiffness and stress concentrations

at the top of the welds. one way in which flexibility is achieved is by deformation of the

plate or the beam web around the bolt holes. The manual describes a knife angle

connection that is similar to the side plate connection. For this type of corurection a pair

ofangles are shop welded to the flange of the column and the beam web is field bolted to

the outstanding legs ofthe angles.

The single plate connection is standardized in the Australian Standardized Structural

connections Handbook (1991). The standard plate thickness is l0 mm. Two altemative

bolt patterns are given:

1) a single line of bolts to the supported beam web, and

2) two lines of bolts to the supported beam web.
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The standard plate widths for altemative one and altemative two are 70 mm and 180 mm

respectively. For alternative two the gauge, g, between the two lines of bolts is 70 mm.

The end distances, c, for options one and two are 35 mm and 55 mm respectively. For

both options the pitch, p, is 70 mm. The con¡ection is welded to the flange of the column

with 6 or 8 mm fillet welds and fastened to the beam web with M22 bolts. The maximum

number ofbolts per vertical line is 9.

Selected Standardized Geometry

The selected standardized geometry for the single plate connection is chosen by

employing the Australian standardization but using the North American standard detail

dimensions. By selecting a single line of bolts as the standard, one standard plate width is

chosen, Thus, the following standardized component geometry is recommended:

Lp = 150, 310, 470 or 690 mm

Plate Width = 90 mm

Plate Thickness = 10 mm

8=65mm

P:80 mm

d¡ = M20 4325M

n= 1x2,1x4, 1x6 or 1x8

'lVeldSize:8mm

The gauge distances and the pitch are selected to reflect the North American standa¡ds.

The relatively small plate thickness and bolt size are selected to ensure flexible M-Q

behaviour. Table 5.4 shows the four standardized designations, plate length a¡rd bolt

layout. Figure 5.2 shows a diagram ofthe single plate connection.

Available Experimental Data

The experimental tests for single plate connections that match the standard designations

are by S.L. Lipson (1968) and R.M. Richard (1982). Table 5.5 lists the geometric

parameters for the tests that closely resemble the standard designations. As with the
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single web angle con¡ection the only parameter that significantly varies from the standard

designation is the plate thickness. Therefore, a similar approach is taken: exhapolating

the curve-fitting parameters which are listed in Table 5.6.

5,3.2.3 Double Web Angle Connection

Current Practice

The standard dimensions for double web angle connections presented in the CISC

handbook are similar to those ofthe single web angle connection except that tluee angle

sizes are specified instead of one. The three angle sizes are: 100 x 100, 90 x 90 and 75 x

75. Because three angle sizes æe given the gauge distances vary according to the length

of the corresponding angle leg. For this reason three gauges, g, defined as the distance

between the two vertical lines ofbolts along the column flange and gauge, g¡, defined as

for the single web angle comection, must be specified. Table 5.7 shows how g and g¡

vary with angle size. The maximum number of bolts per vertical line is 13. The angle

thicknesses, pitch, end distance and bolt diameter are the same as for single web angle

connections.

Selected Standardized Geometry

The following standardized component geometry using the single angle size of 100 x 100

is recommended:

Angle Size: 100 x 100

t:10mm

8=l30mm
g¡=65mm

P=80mm

d¡ = M20 4325M

Lo: 150, 310,470,630,790 or 950 mm

n = 7x2, 1x4, 1x6 or lx8
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A single angle size is specified to limit the number of possible combinations. Table 5.8

shows the six standardized designations and the conesponding angle lengths and bolt

layouts. There are two extra designations to accommodate the larger number of bolts per

vertical line allowed by CISC fo¡ double web angles. Figure 5.3 shows a diagram ofthe

standardized double web angle connection.

Available Exoerimental Data

The tests whose specimens closely resemble DWA-310 and DWA-470 æe by C. Onuah

(1988). Table 5.9 lists geomehic parameters for these test specimens. All of the

geometric parameters æe similar to the standard parameters except for the angle

thickness. For DWA-310 one test specimen that resembles the standard designation is

available, 415. Test specimen A15 uses a 10 mm plate. For DWA-470 two test

specimens that resemble the standard one are available, 418 and Al9. Specimen 418

uses an 8 mm plate while test 419 uses a 12 mm plate. Table 5.10 lists the modified

Richard-Abbott parameters for the standard double web angle comections. Curve-fitting

pa(ameters for DWA-310 are obtained directly ñom the cuwe-fitting data while for

DWA-470 the parameters are interpolated for an angle thickness of 10 mm. The

remaining modifred Richard-Abbott parameters are extrapolated from the available curve-

fitting data.

5,3,2.4 Header Plate Connection

Current Practice

The Canadian (CISC,1991), American (AISC-LRFD, 1986) and Australian (AISC, 1991)

handbooks all contain standard details for the commonly used header plate connection.

The CISC handbook gives four standard plate thicknesses: 6, 7, 8 and 10 mm and three

standard gauges: 80, 100 and 150 mm. The pitch and end distance is 80 mm and 35 mm

respectively. Three possible fillet welds: 5, 6 and 8 mm and two bolt sizes: M20 and

llu422 arc given. The maximum number of bolts is 8.

Selected Standardized Geometry

The following standardized component geometry with four plate sizes is recommended:
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Plate Size: 150 x 170, 310 x 170, 470 x220 or 630 x220

t:10mm

P=80mm
c=35mm

WeldSize=8mm

d¡ = M20-4325M

I = 100 or 150 mm

n= 2x2,2x4,2x6 or 2xB

Lo : 150, 310, 470 or 630 mm

Table 5.11 shows the four standardized designations and the corresponding plate sizes,

gauges and bolt layouts. The number in the designation defines the length of the plate.

For HPC-150 and HPC-310 the width of the plate is 170 mm, which corresponds to a

gauge distance of 100 mm. Fo¡ HPC-470 and IIPC-630 the width of the plate is 220 mm

which conesponds to a gauge dista¡ce of 150 mm. Figure 5.4 shows a diagram of the

standardized header plate connection.

Available Experimental Data

Four tests by W. H. Sommer (1969) have geometric panmeters that resemble the first

three standardized header plate connections. Table 5.12 lists the test specimens that

match the standard designations. Test 28 conesponds to HP-150 except for the plate

thickness which is only 6 mm compæed to l0 mm for the standard desigrration.

Therefore, the curve-fitting data are exhapolated for IIP-150, Tests 11 and 14 match HP-

310, Test 16 matches HP-470 and no test data a¡e available for HP-630. Thus, the

cuwe-fitting data are obtained directly for HP-310 and HP-470 and extrapolated for

HP-610. Table 5.13 lists the modified Richard-Abbott parameters for the standardized

header plate connections.



5,3.2,5 Top and Seat Angle Connection

Current Practice

The Fourth Edition of the CISC handbook (CISC, 1987) recommends six standard top

and seat angle sizes: 90 x 90, 100 x 90, 100 x 100, 125 x 100, 150 x 150 and 200 x 100.

These recommendations do not appear in the Fifth Edition ofthe CISC handbook (CISC,

1991). There are five standard angle thicknesses of 8, 10, 13, 16 and 20 mm and two

standard angle lengths of 180 and 230 mm. The gauge distances conespondhg to these

two angle lengths are 100 and 130 mm.

The U.S., AISC-LRFD handbook also presents a number of angie choices. These are:

100x90, 125x90,150x 100, 180x l00and200x 100. Anglelengthsæe l52and203

mm. No standard gauges are given but, three standard pitches between bolt rows are

specified. They are: 60,70 and 80 mm.

The Australian, AISC handbook, gives one standard angle size: 150 x 90 and limited

dimension options are: t= 12mm,Lp= 180 mm, g = 90 mm and p = 90 mm.

Selected St¿ndardized Geometrv

The following standardized component geometry, with two angle sizes, is recommended:

Angle Size: 100 x 100 or 150 xl50

t= 13 mm

c:35 mm

d¡: M20-A325M

9: 100 or 130 mm

P=0or60mm
n:2xl or 2v2

Lo : 180 or 230 mm

Table 5.14 shows the two standard designations and the conesponding dimensions and

bolt layout. The first designation, TSA-180, uses a 100 x 100 angle with one row ofbolts
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each on the beam web and column flange. The number 180 in the designation

corresponds to the length of the angle. The gauge distance between the two lines of bolts

is 100 mm and the pitch is zero since there is only one tow. The second designation,

TSA-230, uses a 150 x 150 angle with two rows of bolts. The extra row of bolts, with a

pitch of 60 mm, is used because the larger angle size can accommodate them. Figure 5.5

shows a diagram of the standardized top and seat angle connection,

Available Experimental Data

Table 5.15 lists the specimens tested by M.J. Marley (1982) which resemble the standard

top and seat angle connections. Several specimens resemble TSA-180 and none resemble

TSA-230. Thus, Table 5.16 lists the modified Richard-Abbott parameters obtained

directly for TSA-180 and estimated for TSA-230.

5,3,2.6 tr'lush End Plate Connection

Cur¡ent P¡actice

The CISC does not provide standard dimensions for this type of con¡ection because it is

typically a semi-rigid type comection and requires special attention in the analysis stage.

The header plate connection described in the CISC handbook offers standard pitch and

gauge distances that may be used as standa¡d dimensions for flush end plate connections.

The Australian handbook does not explicitly standardize the dimensions for flush end

plate cormections. However, it standardizes bolted beam-to-column moment end plate

connections. These are shown in the handbook as extended end plate comections.

Selected Standardized Geometry

The following five standardized connection

proposed using a blend of the CISC details

specifi cations for moment connections:

geometries with varying plate sizes are

for end plate connections and the AISC

Plate Size: 300 x 170, 500 x 170, 700x220,900x220 or 1200 x220

t=13or16mm
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I = 100 or 150 mm

pi= 80 mm

c=35mm

WeldSize=8mm

db = M20-A325M

n=2x2

Table 5.17 shows the standardized designations and the corresponding plate sizes,

thickness and gauge distances. The number in the designation conesponds to the length

ofthe plate. The first two standard connections, FEP-300 and FEP-500, use a plate width

of 170 mm, which corresponds to a gauge distance of 100 mm. The plate thickness for

these two connection types is 13 mm. The flrnal tlree standard connections, FEP-?00,

FEP-900 and FEP-1200, use a plate width of 220 mm which corresponds to a gauge

distance of 150 mm. The plate thickness for these three types is 16 mm. Figure 5.6

shows a diagram of the standardized flush end plate connection.

Available Experimental Data

The tests for flush end plate con¡ections are by J.R. Ostrander (1970). Table 5.18 lists

the specimens that are used to obtain the curve-fitting patameters. All of the specimens

are for a single plate size. They are arranged by matching the plate thickness to the

standard designation which uses the similar thickness. For FEP-300 and FEP-500 the

specimens use a plate thickness of 13 mm and for FEP-700, FEP-900 and FEP-1200 the

specimens use a plate thickness of 16 mm. It is assumed that the moment-rotation curves

for the standard flush end plates of similff thickness will be similar. If more data were

available the actual moment-rotation data could be used for each standard connection.

Table 5.19 lists the modified Richard-Abbott parameters for the standardized flush end

plate corurection.
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5.3,2.7 Top and Seat Angles with Double Web Ängle Connection

Current P¡actice

The CISC handbook shows an "optional location" for a clip angle in the section

describing stiffened seated beam connections. The Australian handbook gives standard

dimensions for an angle seat con¡ection with a single web angle connection. These are

similar to those describes for simple angle seat and single web angle connections.

Selected Standardized Geometry

Top and seat angles with double web angle connections are a combination of two

connection t¡pes described previously. Thus, they ca¡r be assembled by combining the

respective menus for double web angle connections and for top and seat angle

connections. There are twelve possible connection geometries of this type since there are

two options for top and seat angle connections and six options for double web angle

connections. However, as illustrated in the CISC handbook, a small angle is typically

placed at the top portion of the beam. Thus, Table 5.20 gives a list of the proposed

combinations using TS-180 and TS-230 and only DWA-I50 and DWA-310.

Available Experimental Data

Tests for the top and seat angle with double web angle connections are by

A. Azizinamini (1985). Table 5.21 lists three specimens that have geometric paÌarneters

that are reasonably close to the standard designations. No specimen exactly matches any

of the standard designations. Thus, Table 5.22 lists the modified Richard-Abbott

parameters which are estimated from the available experimental data.

5,3.2.8 Extended End Plate Connection

Cunent Practice

In Canada, no standardization exists for this type of connection. However, the Australian

Standardized Structural Connections manual (AISC, 1985) contains standard details of

moment resisting end plate connections that serve as a guide. The distance, p6 defined as

the pitch between the two lines of bolts on either side of the beam flange, is 130 mm.
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The gauge distance is 70 or 90 mm and the end distance is 50 mm. The standard plate

thicknesses are: 28 and 32 mm and the standa¡d bolt diameters arei lly420 and M24.

Additional information is found in the Steel Construction lnstitute's Drafr Report on

Corurection Standardization: A Review of Lrtemational Practice in the Field of Moment

Connections (SCI, 1993). In a private communication A. Hughes (1993) suggests that

extended end plate connections need to be standardized in two classes: ductile and non-

ductile. The main difference between the two classes is the failure mode. A ductile

connection is assumed to act as a plastic hinge while a non-ductile one cannot. This is

something that is not covered in the AISC Standardized Connections Manual and it is felt

that the Australian standardized moment resisting corurections may possess limited

ductility because of their large plate thicknesses of 28 and 32 mm. Hughes also states

that M20 bolts may not perform well in moment resisting connections and that M24 bolts

may be the practical choice.

Selected Standa¡dized Geometr.v

Based on the discussion above the recommended standard dimensions for extended end

plate corurections are the following:

Plate Size: 490 x 170, 650 x220,810 x220,970 x220 or 1290 x220

pr= 130 mm þitch ofbolts across beam flange)

p¡ = 80 mm þitch of bolts in the central part of the plate)

B = 100 o¡ 150 mm

\= 2x2 (total number of tension bolts)

nc:2x2 (total number of compression bolts)

n¡ = 2xl,2x2 or 2x3 (total number of inner bolts)

c=35mm

WeldSize=8mm

t: 16 mm, d¡ = M20-4325M (ductile connections)

t:28 mm, ü= lvI24-4325M (non-ductile connections)
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Table 5.23 shows the standardized designations and the conesponding plate sizes, gauge

distances and numbers of inner bolts. Five standard plate sizes are proposed. There are

two standard designations for each standard plate size: one for a ductile connection (t :
16 mm and d¡: M20) and the other for a non-ductile connection (t = 28 mm and db =

M24). Figure 5.7 shows a diagram ofthe standa¡d extended end plate connection.

Available Experimental Data

The experimental test specimens that resemble the standard designations are presented in

Table 5.24. The tests are by several different authors. The specimen from Test 4 byN.D.

Johnstone (1981) and from Test 1 by S.A. Ioannides (1978) match EEP-490D. Test Al
and ClZ by I.R. Bailey (1970) and Test C4 and C5 by J.O. Surtees (1970) match EEP-

490ND. Two tests by S.A. Ioannides (1978) match EEP-650. Test 2 conesponds to

EEP-650D and Test 5 conesponds to EEP-650ND. Tests Tl and T2 by P. Grundy

(1980) match EEP-970ND. There are no available tests for EEP-810D, EEP-810ND,

EEP-970D, EEP-1290D and EEP-1290ND. Table 5.25 lists the modified Richard-Abbott

parameters for the standard extended end plate connections. The curve-fitting patameters

for the standard connections with matching experimental data æe obtained directly while

for the other con¡ections the curve-fitting parameters are estimated.

5.4 Recommendations for Future Testing

It is recommended that experimentâl testing of the moment-rotation behaviour for all of

the proposed standardized connections be conducted, Enough tests must be conducted to

provide a statistically significant representation of the behaviour of each standard

connection. This will provide designers with accurate M-þ behaviour for every standard

connection type. Presentl¡ there are not enough data available to know how accurate the

M-$ curves are.

A suggested shategy for the order in which connections are tested should be to test the

most commonly used cor¡¡ection types and geometries fitst. Specifically, the most
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popular connections and the those exhibiting semi-rigid behaviour should be tested first.

Second, the remaining connections for which there are no M-$ data should be tested.

Finally, the remainder of the connections should be tested.
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Table 5.1 Standardized options fo¡ SWA connections (100 x 75)

Standardized Options
(mm)

Designation L n

S'WA-150 150 lx2
SWA-310 310 lx4
SWA-470 470 1x6
SWA-630 630 1x8

Table 5,2 Geometric parameters for S'ùy'A tests that resemble standard designations

Geometric Parameters (mm)
Designation Test I.D. Argle Size L t g p c dr n

Lipson: AA-2l1
SWA-150 

Lipson: AA-2l2 100 x 90 140 6 65 76 32 %^ - A325 lyo

Lipson: AA-4/1 6 65 76 32 % - A325 1x4

Lipson: AA-4l2 6 65 76 32 %" - A325 1x4

Lipson: BB-4/1 8 65 76 32 %" - A325 lx4
swA-310 

Lipson: BB-4/2 100 x 90 292 B 6s 76 32 %" - A325 rx4

Lipson: B2-4 8 65 76 32 %" - A325 lx4
Lipson: B3-4 I 65 76 32 %" - A325 lx4

Lipson: AA-6/1
SWA-470 

Lipson: AA_6.2 100 x 90 445 6 65 76 32 %' - A325 1x6

swA-630

Table 5.3 Modifred Richa¡d-Abbott prameters for standardized SWA connections

Normalized Richard-Abbott Pa¡ameters

Designation õ; M; q Ç nr î2

swA-150 0.612 0.00389 0.0191 0.00669 4.843 0.579
swA-310 0.727 0.0224 0.169 0.0185 2.137 t.476
sv/A-470 0.511 0.0858 1.007 0.0756 1.138 1.272
swA-630 0.617 0.163 3.071 0.259 2.584 1.109

Notes: # Extrapolated from experimental data
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Table 5.4 Standard options for SP corurections (90 mm widtþ

Standardized Options lmm)
Designation I" n

SP-150 150 lx2
SP-310 310 lx4
SP-470 470 1x6
SP-630 630 lx8

Table 5.5 Geometric parametets for SPC tests that resemble standard designations

Geomet¡ic Parameters lmml
Designation Test LD. Le t g p c d5 n

Richard: RGKL2 152

SP-150 Lipson: P1-2l1 l4O 6 64 76 32 3/;' - A32S tx2

Lipson:P1-212 140 64 32

Lipson: P1-4l1
sP-310 Lipson:p1_4/2 292 6 64 76 32 '/;' -A325 1x4

Lipson: P1-6/1
sP-470 

Lipson: p1_6.2 445 6 64 76 32 3/q" - A325 tx6

SP-630 Richard: RGKLT 546 6 - 76 - %" - A325 lx7

Table 5.6 Modified Richard-Abbott pæameters for Standædized SP connections

Normalized Richard-Abbott Parameters

Designation 6; M; Ç q nr n2

sP-150 0.597 0.0198 0.359 0.00110 2.134 1.456

sP-310 0,588 0.0638 1.807 0.0905 0.163 t.052

sP-470 0.415 0.177 3.02 0.131 12.5 1.968

sP-630 0962 0.234 6.94 0.0618 1.027 1.279

Notes: # Extrapolated from experimental data
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Table 5.7 CISC standard gauges for DWA connections

Anele Size s lrnn) er fmm)
100 x100 140 65
90 x 90 130 60
75x75 100 45

Table 5.8 Standard options for DWA connections (100 x 100)

Standa¡dized Options
(mm)

Designation Lo n

DWA-150 150 1x2
DV/A-310 310 1x4
DIVA-470 470 1x6
DWA-630 630 1x8
DV/A-790 790 lx10
DWA-950 950 lxl2

Table 5.9 Geometric parameters for DWA tests that resemble standard designations

DWA-150

Geometric Pa¡ameters (mm)
Designation TestI.D. Angle Size L f g g p c d¡ n

DWA-310 Onuah: 415 100 x 100 310 10 65 130 80 - % - AiZs 1x
4

DV/A-470 onuah:418 100x100 470 f, ut 130 B0 - %" -A325 lx
Onuah: 419 12 

6
DWA-630
DV/A-790
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Table 5.10 Modified Richa¡d-Abbott parameters for standardized DWA connections

Normalized Richard-Abbott Parameters
Designation õ;
DWA-150

qM;

DV/A-310 .

DV/A-470.q
DWA-630 #

DWA-790 #

DWA-950 #

0.862
1.168
0.555
0.862
0.862
0.862

0.0230
0.0472
0.0714
0.0956
0.r20
0.144

1.1s8
1.s92
2.032
2.472
2.912
3.352

0.0390
0.125
0.211
0.297
0.383
0.469

3.056
-1 .051

7.t63
3.0s6
3.056
3.056

3.409
5.267
1.551
3.409
3.409
3.409

Notes: # Extrapolated from experimental data

$ Obtained directly from test data
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Table 5.11 Standard Options for HP corurections

Standardized Options (mm)
ffi s n- (tength x width)

HP-150
HP-310
HP-470
HP-630

150 x 170 100
310 x 170 100
470x220 150
630x220 150

2x2
2x4
2x6
2x8

Table 5.12 Geometric parameters for HP tests that resemble standard designations

Geometric Parameters (mm)

Designation Test I.D. Plate Size pc d6

HP-150 Sommer: Test 28 l52x- 6 r027638% - A325 2x
2

HP-310 Sommer: Test I 1

Sommer: Test 14
305x- t0 102 76 38 %" - A32s 2x

4
FIP-470 Somrner: Test 16 457 x- 10 t40 76 38 % - A325 2x

6
HP-630

Table 5.13 Modified Richard-Abbott parameters for standardized HP connections

Normalized Richard-Abbott Parameters
Designation

HP-150
HP-310 $

HP-470 $

HP-630 #

0.0510 0.678
0.081 I 1 .612
0.0997 1.571
0.118 t.964

lt4õ;
0.553
0.573
0.754
0.627

0.0694
0.0835
0.0758
0.0762

1.455
6.310
3.671
3.8t2

0.832
2.356
1.289
1.492

Notes: # Extrapolated from experimental data

$ Obtained directly from test data
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Table 5.14 Standard dimensions for TSA con¡ections

Standardized Options (mm)
Designation Angle Size LpgP

TSA-180
TSA-230

100 x 100
150 x 150

180 100
230 130

0 2xl 2xI
60 2x2 2x2

Table 5 . I 5 Geometric parameters for TSA tests that resemble standard designations

Geomehic Parameters (mm)
Designation Test LD. Angle Size t L d¡

TSA-I80

Marley: A1-2l1
Marley: B1-2ll
Marley:Bl-2/2

Marley: Cl-L/2-1
Marley: C1-112-2
Marley: C2-l/2-l
Maiey: C2-712-2
Marley: D1-1/2-1
Mafley:Dl-ll2-2
Mailey:D2-112-l
Marley:D2-l/2-2
Maiey:D3-112-1
Marley:D3-ll2-2

100x100 13 125 % -A32s 2xl

TSA-230

Table 5.16 Modified Richard-Abbott paramete¡s for standardized TSA connections

Normalized Richard-Abbott Parameters
Designation õ; M" q
TSA-180 0.557 0.353 8.29 0.167

0.557 0.441 10.4 0.209TSA-æ0 I

Notes: f Estimated

$ Obtained directly from test data
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Table 5.17 Standard Dimensions for FEP con¡ections

Standardized Ootions (mm)

Designation Plate Size t g
(length x width)

FEP-300 300 x 170 13 100
FEP-500 500 x 170 13 100
FEP-700 700x220 16 150
FEP-900 900x220 16 150
FEP-1200 1200x220 16 150

Table 5.18 Geomehic paramete¡s for FEP tests that resemble standard designations

Geometric Parameters lmm)
Designation Test I.D. Plate Size t g pr c d¡ n

Oshande¡: Test 12

fËi-333 ostrander:rest15 332x- 13 toz 64 - %" -A325 2x

Ostrander: Test 21 2

Ostrander: Test 13

Ostrander: Test 16

FEP-700 Ostrander: Test 19

,!?t--rtt% ostrander: Test 22 332x- t6 102 64 - %" - A325 
';

Ostrander: Test 23

Ostrander: Test 24

Table 5.19 Modified Richa¡d-Abbott parameters for standardized FEP connections

Normalized Richard-Abbott Parameters
Designation õ; M; q Ç nr n2

l|i:333 0.710 0.413 7.120 0.168 0.5s4 1.360

FEP-7OO

FEP-900 0.488 0.434 8.591 0.230 1.4t3 1.353
FEP-1200

Notes: $ Obtained directly from test data
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Table 5.20 Standard designations for TSA,¡DWA connections

Standardized Designations
Designation Top and Seat Angle Double Web Angle

TS-18OIDWA-150
TS-180/DWA-310
TS-230/DWA-150
TS-230/DWA-310

TS-180
TS-180
TS-230
TS-230

DWA-150
DV/A-310
DWA-150
DWA-310

Table 5.21 Geometric parameters for TSA./DVy'A tests that resemble standard
designations

Geometric Parameters (mm)

Test I.D.
Top and Seat
Angle Size t

TS-180/DWA-150
TS-180/DWA-310
TS-230/DWA-150
TS-230/D1VA-310

Aziznarruw:

t4s2
Azizinamiu:

1456

Azizinamini:

1459

100 x 90 6 215 150 x 90 13 200

Table 5.22 Modified Richard-Abbott paramete¡s for standardized TSA,/DIVA
connections

Normalized Richard Parameters 1

Designation 0u sr-soMo nl

TS-180/DWA-150 0.477 0.310 8.15 0.2s7 5.787 0.966
TS-180/DWA-310 0.477 0.341 8.97 0.217 5.787 0366
TS-230iDV/A-150 0.477 0.388 10.2 0.217 5.787 0.966
TS-230/DWA-310 0.477 0.419 11.0

Notes: t Estimated

0.217 5.787 0.966
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Table 5.23 Standard dimensions for EEP connections

Standardized Options (mm)
Desisnation Plate sizp" (length x widrh)

EEP-490D,
EEP-49OND

490 x 170 Zxl100

EEP-650D,
EEP.65OND

650x220 150

EEP-810D,
EEP-81OND

810x220 150

EEP-970D,
EEP.97OND

970x220 zx3150

Jr"rl;t'iß .,eox22o r50 2x3

Table 5.24 Geometric paramete¡s for EEP tests that resemble standard designations

Geometric Parameters (mm)
Plate Size t g pr pi dr

EE'_490D Job¡stone: Test 4 530 x - 16 115 140 - M24 c8.B 2x4
Ioannides: Test 1 526x- 16 89 140 - %" - A325 2x4

FFÞ_¿on.Nrì Bailey: Test C12 422x- 27 102 111 - 7lg" - 2xB
Surtees: Test C4 489 x - 25 89 114 - 1" - 2x6
Surtees: TestC1 489x- 25 89 114 - l" - 2x6

BEP-OSOÌtO loanni¿
EEP-810D -

BB

Designation Test I.D.

EEP.97OD

EEp_970ND Grundy: Tl
Grundy: T2

943x- 25 95 89 7/8 Zxl0

EEP-1290D
EEP.l29OND
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Table 5.25 Modified Richard-Abbott parameters for standardized EEP corìnections

Normalized Richard-Abbott Parameters
Designation

EEP-490D s 0.367
EEP-4gOND È 0,554

M;Ç
12.6 0.255 2.01 1.30
12.6 0.253 2.94 2.94

EEP-650ND ' 0.563 0.668 16.4 0.429 1.295 0.945
EEP-810D' 0.563 0.668 18.0 0.429 1.295 0.945

EEP-810ND' 0.563 0.711 20.0 0.429 1.295 0.94s
EEP-970D " 0.0745 0.7tt 22.0 3.32 1.295 0.945

EEP-970ND s 0.0745 0.749 24.7 3.32 0.873 3.03
EEP-1290D', 0.0745 0.936 26.0 3.32 0.873 3.03

EEP-1290ND', 0.0745 0.950 28.0 3.32 0.873 3.03

0.320 0.s5s 12.6 0.78s

Notes: # Extrapolated from experimental data

$ Obtained directly from test data
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Figure 5.1 Standardized SWA connection

Figure 5.2 Standardized SP connection

Figwe 5.3 Standardized DWA corurection
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Figure 5.4 Standardized HP connection

Figure 5.5 Standædized TSA connection

Figure 5.6 Standa¡dized FEP connection



Figure 5.7 Standardized EEP connection
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6. Analysis of Flexibly Connected Steel Frames using Micro-Computer
Programming

6.1 Modeling of the Structure

6,1.1 StructuralLayout
Figure 6.1 shows a typical frame that the program developed for this study can analyze.

Although the program does not require the structure to be symmetrical, because of the

symmetry of the structure, the layout shown decreases the amount of data the user is

required to input into the analysis program. The number of stories, the number ofbays in

each direction, the storey heights and the bay lengths provide the required information to

generate the joint coordinates and member connectivity of the structure.

6.1.2 CoordinateSystem

To model the structure and the loadhg, two coordinate systems are used. A global

system, with vertical and horizontal axes, is used for thejoint coordinates, joint loads and

the joint displacements. Figure 6.1 shows how the global coordinate system applies to

the whole structure. Load or displacement vectors conesponding to the global system are

identified by a prime superscript (ie. D"' is a displacement vector at joint E, expressed in

the global coordinate system). Each member in the skuctu¡e is assumed to have a

direction and thus a local coordinate system associated with it. Consider member AB in

Figure 6.1 to have a direction from A to B with its local X,-axis coincident with the

member axis and its X, and \ axes in the direction of the principal axes of the cross-

section. The member loadings and end forces are expressed in the local coordinate

system of a given member. The absence of a prime in a load or displacement vector

indicates the local coordinate system is being used,
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6.I.3 Assumptions and Idealizations

Each floor level is assumed to act as a rigid diaphragm that resists in-plane forces and the

floor beams provide restraint for out-of-plane forces. Composite action between the

beams and the floor diaphragm is not considered.

The behaviour ofthe beam-to-column corurections is accounted for in the beam stif&ress

matrices and fixed-end-force vectors. The connections are assumed to have negligible

size and are assumed to lie at floor level. The connections experience flexural rotational

deformation only and are assumed to permit no direct shearing deformation, axial

deformation or torsional deformation. Fu¡thermore, since each floor level is assumed to

be a rigid in-plane diapluagm, the stifûress of the con¡ections with respect to

displacement components in the plane ofthe floor are assumed to be infinite.

Using the above idealization only three independent degrees of freedom are considered

for each joint; two rotations, 0,' and 0¡' and translation õr'. These are the out-of-plane

displacements. There are thLree mo¡e displacements at eachjoint; translations õ,', ôr' and

0r'. These are in-plane displacements and are associated with the rigid body

displacements of the floor diaphragm. Thus, for each floor level with n joints there a¡e 3n

out-of-plane displacements plus 3 in-plane displacements for a total of 3n+3 independent

displacement components.

The beam and column elements are assumed to be linear-elastic and in general, the

connections have nonJinear M-Q behaviour. An iterative analysis procedure involving

repeated cycles of linear analysis and cornection stiffiress modification is performed, the

linear coffiection stiffrresses being modified to reflect their nonlinear behaviour.
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6,2 Element Stiffness Matrices

6.2.1 Column Stiffness Matrix
Figure 6.2 shows a typical column modeled as a line elements with end forces and

displacement components as sho\rn. The stiffrress matrix expressed in the local

coordinate system is resolved into two contributions as follows:

K = Ko + rÇ (6.1)

where: Ko is the first order elastic stiffrress matrix and

Ç is the geometric stifftress matrix.

The geometric stiffiress matrix accounts for the effect of axial load on the bending

stiffness ofthe colum¡.

The stiffrress matrix can be expressed in partitioned form:

where subscripts u and L refer to the joints at the upper and lowe¡ ends of the column

respectively. InEq. 6.2, the fo¡ce vectors at the upper and lower end of the column a¡e:

and

Pu = [ pur pu: pu¡ mur huz mu¡ ]r (6.3)

Pr : I pu pr,z pu fitlr ñ1, mr, ]r (6,4)

respectively, and the displacement vectors at the upper and lower ends are:

Du: [ ôu, ôu2 ôu3 eur our 0u, ]t (6.5)

lpul [ruururlfoul
Lr,J= L*," *,,]1""] (6'2)

t3l



and

respectively.

Pu : [ ôrr ô12 6ß OLr 0", 0r, ]t (6.6)

The partitioned column stiffüess matrix (A¡g and Morris, 1984; Chen and Lui, 1990) is:

AE o o o o o'lLl
I2EI^ 6EI^ IoL3.¿oo'-7l

t2Et" 6Er" I0 0 --=2 0 --:0 |

L3L¿lo o'+o ol
6Et1 4Er" Iooloilol

6EI. 4EI^ Io-Ê o o'fl
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Ktr =

0
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wherel I, = column torsional constant

I, = column moment of inertia about X,

I, = column moment of inertia about X,

E = modulus of elasticity

G = shearing modulus

A = column cross-sectional area

L : column lengfh

p, = column axial force.

6.2,2 Beam Stiffness Matrix
A typical beam with constant-stiffrress connections at each end is shown in Figure 6.3,

Assuming that the beam is bonded to the floor diaphragm the axial and horizontal

shearing forces and deformations and bending moment and curvature about vertical axes

can be assumed to be negligible, Therefore, only three degrees of freedom are considered

at each end ofthe beam. The stiffness matrix for the beam plus connection is as follows:

Itu l= [*""
LPn I LKes

(6.11)

where the member end force vectors at ends A and B are

Knalf o"l
KeelLDeJ
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P" = [ pm m", mr, ]r
and

Po = [ p¡¿ tno, m¡¡ ]r

and the member displacement vectors at ends A and B are

Du = [ ô", 0", 0". ]t

D^ = [ ôoz ôo, 0o, ]t

(6.12)

(6.13)

(6.14)

(6.1s)

(6.16)

(6.17)

(6.18)

(6.1e)

The submatrices of the partitioned stifüress matrix are as follows (Ang and Monis, 1984)

f sr o -s2l
*"" =l o s3 o I

i-sz o s4.l

f-sr o -s5l
*"o =l o -s3 r 

I

LS2 0 s7J

K* : K"ot

and

lsr o ssl
rao =lo ss o I

lss o srl

where



sr=#p,, sz=#þ", $=+, s4=?p,, s5=Ëp,, s4=?p., r=Tu

and

P=4e(;Sl' o' =o(r*EIQt!Ð^ì' u' =d'.3"J, u' =u('.#)

ß. =ßfr*!El. u, =ul,*?!|.' '\ sel,/' '\ sotJ

So and Su in the above expressions are the linear stiffnesses for the beam-to-column

connections at ends A and B respectively.

6,3 Assembly of Súructure Stiffness Matrix

To assemble the stiffrress matrix for the complete structure, the stifftress coefficients for

the individual column and beam elements must be computed and incorporated into the

overall stiffrress matrix. The member stiffrress matrices must be transformed from the

local coo¡dinate system to the global coordinate system.

A master-slave joint procedure (Ang and Monis, 1983) is used for the columns to

minimize the number of degrees of freedom at each joint from six to three. The

assumption that the floors act as rigid in-plane diaphragms makes this possible. Figure

6.4 shows a typical column element uL between two floors. The end joints for all of the

columns are considered to be "slave" joints. At the floor level being considered the in-

plane forces and displacements for each column end are translated to a common "master"

joint. Figure 6.4 illushates the "master-slave" joint relationship. Joints V and M are

master joints for the upper and lower floor level and they lie on an arbitrarily chosen

vertical axis. Joints u and L are the upper and lower slave joints of a typical column
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between the t\'r'o floor levels. The in-plane and out-of-plane components of the member

end force and displacement vectors can be partitioned and the force-displacement

relationship for the typical column is expressed as follows:

iiil iä*
lpi l-lrr.,,
lr* I l"r,'

Kûv Kt'r KbM

KVv KÇ¡- KçM

KLv Kf¿ KtÀ{

Kfrv Kl¡, Kkr

DL.

DÇ¡

DL
D lqi

(6.20)

The subscripts i and o in Eq. 6.20 refet to the in-place and out-of-plane force and

displacement components, respectively. The stiffness submatrices relating out-of-plane

force-displacement must be transformed from the local coordinate system as follows:

KLr. = RKu-RÎ (6.21)

where: R: rotation transformation from the local system to the global system and

Kr*" = local column stiffness out-of-plane submatrix.

The following transfo¡mation is made for the in-plane stiffness submatrices:

Kinr = Tw K¡-ri¡T¡¡.r (6.22)

where: Tn-' = combined rotation-translation transformation from the local system at L to

the global system at M and

Krr,, = local column stiffness in-plane submatrix.

Finally, the following transformation is required to relate in-plane force-displacement to

the out-of-plane force-displacement:

K(¿ = T¡¡. K¡-u¡Rr

t36
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where: KLUio: local column stiffrress submatix relating in-plane force-displacement

components at L to out-of-plane force-displacement components at U.

6.4 Model of Connection Behaviour

The behaviour of a connection subjected to cyclic loading can be idealized using five

separate functions shown in Figure 6.5 (Huang and Monis, 1993). Function I is the

initial loading curve and is modeled by the modified Richard-Abbott function (Eq. 3.9).

Function 2 models the moment-rotation behaviour after a moment reversal at point ,,a',.

when point "b" is inte¡sected Function 3 is invoked. This function is a double-mirror

image of the modified Richard-Abbott fi¡nction. If the moment ¡everses again at point

"c" Function 4 with the same initial slope as Function 2 is applicable. Once point,,d" is

reached Function 5, the modified Richard-Abbott function displaced from the origin to

point "d" on the curve is used.

6.5 Analysis Procedure to Account for Non-Linear Connection Behaviour

The stifftress mahix fo¡ a typical column depends on its axial fo¡ce. The stif&ress matrix

for a typical beam depends on its connection moments. As a result, the overall structure

stiffrress matrix is affected by the intemal forces in the structure. To account for this, an

iterative procedure involving repeated cycles of analysis using linear connections is used.

Figwe 6.6 illushates how the procedure is applied at a typical connection. The non-linear

connection behaviour is modeled using the modified Richard-Abbott function, /($). For

the first cycle of analysis the function is replaced by a linear function with a slope s, that

is equal to the initial tangent to /($). This is done for all of the con¡ections in the

strucfure a linear analysis of the shucture is performed and the moments at all

connections are computed. say Mr is the moment at the typical connection. The rotation,

$', is the con¡ection rotational deformation for a constant stiffrress con¡ection subjected



to moment, M,. The adjusted rotation, $,', can be computed from /({) using the moment

M, computed from the linear analysis. A second cycle of analysis is performed using S,

as the connection stiffrress yielding a second set of connection moments. Because S, is

smaller than S, the moment M, computed in the second analysis is smaller in magnitude.

A second adjusted rotation, $r', can be computed from /(Q) using the moment Mr. The

above procedure is repeated until the linear rotations are sufficiently close to the

nonlinear rotations computed usinC /(0).

6.6 Computer Program for PC with DOS: FLEXX'RM2

6.6.1 Introduction
The Fortran program developed for this study is modified from a program written for a

mainframe computer (Ang and Monis, 1983) using the Ramberg-Osgood fi¡nction to

model connection behaviour. The program employs an in-core, constant band width

equation solver. The program was adapted to PC with DOS using the Richard-Abbott

function and the program was updated to account for sequential loading (Huang and

Morris, 1993).

The program interface is now more "user friendly" and the modified Richard-Abbott

ñmction is used to model con¡ection behaviour. The program is designed to work with

the SI system of units.

6.6.2 Data Input
The data input is interactive as the user is prompted for the required information. The

user can input data to the program from the keyboard or from input files created with a

text editor or ûom previous program runs. Figure 6.7 shows the layout of a typical

structure the program is designed to analyze. The data are entered in blocks as follows:
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iÐ

Structural Data (input file: STSPEC.I Ð

- number ofstories

- number of bays in the X-direction

- number ofbays in the Z-direction

- number of bracing elements

- number of braced bays

Connection Tvpes and Loadine Information (input file: STSPEC2.IN)

- type of corurections (constant stifftress or nonJinear)

- number of loaded joints

- number of uniformly loaded beams

- number of beams with concentrated loads

- include P-Á effects in analysis

Structural Dimensions (input file: DIMENS.I¡Ð

- master node coordinates (m)

- height ofeach storey (m)

- length of each bay in the X-direction and the Z-di¡ection (m)

Material Properties and Member Information (input file: MAT.IN)

- Young's modulus (MPa)

- shear modulus (MPa)

- number of beam types

- number of column types

iiÐ

iv)
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v) Beam and Column Section Prope¡ties (input files: BMPROP.IN

and COLPROP.IN)

- torsional constant (mm)

- moment of inertia about Y'-axis (mma)

- moment of inertia about Z'-axis (mma)

- cross-sectional area (mm2)

vi) Beam and Column Types in the Structu¡e (input files: BMTYP.IN

and COLTYP.IN)

- the beam and column number and joint incidences are displayed for each

beam and column

- the user is prompted to input the beam and column type for each member

in the structure

vii) Bracing Properties (input files: BRAPROP.Î$

- numbe¡ of bracing elements types

- cross-sectional area (mm2) for each type

viii) Bracine Tvpes and Incidence (input files: BRAINID.IN and

BRATDNO.TN)

- bracing member type and incidence (lower joint and upper joint)

ix) Con¡ection Pronerties

(input files: Linear - LCTYP.IN and LCPROP.IN

Non-linear - NLCTYP.IN and NLCPROP.IÐ

- number of connection types

- Linear: connection stiffness (kN-r/¡ad) for each type

- NonJinear: Modified Richard-Abbott parameters for each type

units: So and So (l,ò{-m/rad)
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0" *d ö" (radians)

- start and end type of connection for each beam in the structure

x) Joint Loadins Information (input file: LOADOFJO.IN)

- enter joint number and the joint load vector (see Figure 6.8 for the

distinction between master node in-plane joint loads and oufof-plane joint

loads) units: forces (lòf ; moments (kl.l-m)

xi) Uniform Loadine Information (input file: LJMFORML.IN)

- input beam number ald uniforrn load (kN/rn) with positive direction

being upward

xiÐ Concenhated Loadins Information (input file: CONCENTR.INT)

- input beam number

- distance ftom start end (m)

- concenhated load (kl.Ð with positive direction being upward

xiii) Supoort Conditions (input file: SUPPORT.IN)

- input support condition for each column base (O=fixed, l=pinned about

X, 2linned about Z, 3:pinned about X and Z)

6.6.3 Program Ouþut
The program sends the output to a file called RESULTS.OUT. This includes a summary

of all the input data and analysis results. These include final joint displacements, member

end forces and connection moments and rotational defo¡mations.
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7. Analysis of Three-Dimensional Frames using FLEXFRM2

7.1 Introduction

In this chapter, examples are presented to illustrate the effects of connection behaviour on

overall f¡ame behaviour. To simpliff the presentation of information simple plane frames

arc analyzed, instead of three dimensional frames. To veriff the validity of FLEXFRM2 a

one bay frame is analyzed and the results are compared to those reported in other studies.

A sensitivity study is then conducted on a three bay, three story frame to illustrate the

relationship between the range of comection behaviour and overall frame behaviour.

7.2 Example 1: Program Verification

To veriff the validity of FLEXFRM2, the pirured based, unbraced frame with geometry

shown in Figure 7,1 with a uniform gravity load of28 lÒ{/m on the beam is analyzed.

Three separate analysies are performed with beam-to-column connections modeled as

follows:

Case 1: linear with connection stiffiress exceeding the fully rigid boundary specified by

Eurocode3,

Case 2: nonlinear with initial connection stifÊress conesponding to the Eurocode3 rigid

semi-rigid boundary and connection moment resistance equal to 55% of the

beam plastic moment and

Case3: linear with connection stiffrress conesponding to the Eurocode3 nominally

pinned boundary.
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The assumed connection behaviour is shown in Figure 7.2.

The frame is analyzed for the three cases described above and the beam end moments for

each analysis ate presented in Figure 7.1 . The beam end moments from a previous study

(Huang, 1993) are also sho\ryn. In this study, the cornections are modeled similarly to

case two described above. The end moment of 91.38 kll-m compares favourably to 89.5

kN-m from Huang's study.

7.3 Sensitivity Study

Con¡ections are typically grouped into three classes; flexible, semi-rigid and rigid.

Typically, web angle and header plate connections comprise flexible connections. Top

and seat angle and flush end plate connections comprise semi-rigid connections.

Extended end plate connections comprise rigid connections.

To illustrate the relationship between the M-{ behaviour of a connection and overall

frame behaviour the braced three bay, three storey frame shown in F igrxe 7 .2 is analyzed.

Cormections whose M- Q behaviour falls on the lower and upper boundary of the

connection envelopes presented in Figures 4.17-4.23 are used. The tame is also

analyzed fo¡ a connection that fall somewhere between the two extremes This frame is

similar to one analyzed by Zaremba (1986). To examine the effects of connection

behaviour on the beam and column end moments the beams are subjected to the

following uniform gravity loads:

Beams I - 3: 42.6 kòI/m

Beams 4 - 9: 80.5 kN/m.
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7.3.1 Flexible Connections:

The frame was analyzed three times, assuming tluee con¡ection types; one on the lower

boundary ofthe flexible connection behaviour envelope, the second approximately in the

middle and the third on the upper boundary. The test specimens whose modified

Richard-Abbott parameters are used in the frame analysis program are as follows:

The beam and column end moments for the frame analyzed for each ofthe three flexible

corurections are shown in Table 7.1. The end moments for the frame modeled using

corurections on the lower boundary are very close to zero as expected. Thus, for typical

connections near the lower boundary, the assumption of pin ended beam-to-column

connections is valid. However, for connections that are intermediate between the upper

boundary and the lower boundary for flexible connections this assumption may not be

valid. The magnitude of end moments can exceed 35%o of the beam mid-span static

moment, wl2l8. Thus, assuming that the connection behaves as a pinned end may result

in an overestimation of beam end moment and an unde¡estimation of column moments.

This can result in an unconservative design.

7.3,2 Semi-Rigid Connections:

The ftame was analyzed three times, assuming tluee con¡ection types; one on the lower

boundary of the semi-rigid connection behaviour envelope, the second approximately in

the middle and the third on the upper boundary. The test specimens whose modified

Richard-Abbott parâmetets are used in the frame zuralysis program are as follows:

Lower boundary:

Intermediate:

Upper boundary:

Lower boundary:

Intermediate:

Lipson AA-2l1

Onuah At 9

Sommer Test 12

Single web angle connection

Double web angle connection

Header plate connection

Matley D 2/1-2ll Top and seat angle connection

Ostrander Test 10 Flush end plate connection
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Upper boundary: Azzinamini 8510 Top and seat angles with double web

angle connection

The beam and column end moments for the frame analyzed for each of the three semi-

rigid corurections described above are shown in Table 7.2. Evidently the frame end

moments are not very sensitive to the type of semi-rigid connection used. The maximum

increase in end moments between the lower and upper boundary is about l0%. However,

the end moments for the frame analyzed with semi-rigid connections can be as much 70%

of the beam static mid-span moment.

7,3.3 RigidConnections
The ftame was analyzed three times, assuming three cormection types; one on the lower

boundary of the rigid con¡ection behaviour envelope, the second approximately in the

middle and the third on the upper boundary. The test specimens whose modified

Richard-Abbott parameters are used in the ftame analysis program for rigid con¡rections

are as follows:

Lower boundary:

Intermediate:

Upper boundary:

Dews Test 2 Extended End Plate co¡mection

Ioannides Test I Extended End Plate connection

Sherboume Test A2 Extended End Plate connection

The beam and column end moments for the frame analyzed for each of the three rigid

corurections desüibed above are shown in Table 7.3. It appears that the maximum end

moments are only marginally larger in magnitude that those on the upper boundary for

semi-rigid connections such as top and seat angles with double web angles. Also, the

range of magnitude of end moments appears to be slightly larger for rigid connections

than for semi-rigid connections. The maximum increase in end moments between the

lower and upper boundary for rigid comections is ab out 65%o.
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7,4 Summary of Effects of Connection Behaviour on Overall F rame Behaviour

Some flexible connections, such as single web angle connections, can be modeled as

pinned connections in frame analysis. For stronger and stiffer flexible connections, such

as double web angle and header plate corurections this assumption may not be valid and

can yield unconservative results. lt appeats that frame end moments are not sensitive to

the type of semi-rigid connection used but that semi-rigid connections can transmit

significantly higher end moments than typical flexible connections. Rigid corutections

appear to have a larger range ofbehaviour than for semi-rigid connections.
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End Moments:
: 95.28 kN-m

-S-R: 91.38 kN-m
P: 40.79 kN-m

.5 kN-m

Figure 7.1 One Bay Frame: Example I

I

È o.s

é
H 06o

.o
R 0.4

Ê
trI 0.2

0

0 0 05 oilo*utoilåa 
n",31øn, ol$r" 0 3 0 35

Figtxe 7 .2 M-$ Curves for Connections in Example I

t52



@

Figure 7.3 Braced Frame: Example 2
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Table 7 .7 End moments for typical flexible con¡rections

End Moments (kN-m)
Member Joints Lower Middle Upper

# Boundary Boundary Boundary

2 -0.76 _t11.67 -t87.42
2 0.78 110.71 183.93
3 -0.78 -110.71 _183.93

3 3 0.76 111.67 187.42
4 -0.79 _49.26 _56.64

4 5 1.51 106.96 t25.07
6 -1.46 _211.66 -357.28

5 6 t.49 209.19 349.02
7 -1.49 _209.19 -349.02

6 7 1.46 211.66 357.28
I -1.51 _106.96 _t2s.07

7 9 1.50 95.97 1t0.52
10 -1.47 -213.32 _360.09

810
11

911

r.49 2t0.43 351.88
-1.49 -2t0.43 -351.88

1.47 213.32 360.09
t2 -1.50 -95.97 -110.52
1 -0.79 -49.23 -56.61
5 -0.74 -51.52 -60.18

11 4 039 49.23 56.61
8 0.74 51.52 60.18
5 -0.77

10

12

9 -0,86
13 I 0.77

t2 0.86
14 9 -0.63

13 -0.32

ls 12

16

-ss.36 -64.80

-56.9t -6s.84

55.36 64.80

56.91 65.84

-38.98 -44.59

-t9.49 -22.29

0.63 38.98 44.59

0.32 19.49 22.29
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Table 7 .2 End moments for typical semirigid connections

End Moments (kN-m)
Membe¡ Joints Lower Middle Upper

# Boundary Boundary Boundary

2 -3s5.24 -364.84 -387.03
2 2 344.82 354.00 375.19

3 -344.82 -354.00 _375.19

3 3 355.24 364.84 387.03

4 -55.96 -55.59

4 5 124.74 123.94

-54.66

121.88

6 -674.91 -693.24 -735.67

5 6 650.7t 668.05 708.18
7 -650.71 -668.05 -708.18

6 7 674.91 693.24 735.67
I -124.74 -123.94 -121.88

7 9 108.42 107.64 105.68

l0 -679.89 -689.33 741.00
8 10 657.46 675.03 7t5.67

1l
911

12 -108.42 -107.64 -105.68
l0 I -55.93

5 -60.09

l1 4 s5.93 s5.56 54.63

I 60.09 59.71 58.74

-657.46 -675.03 -7t5.67
679.89 698.33 741.00

-55.56 -54.63

-59.71 -58.74

-63.05

-63.27

43.45 43.13 42.32
21.73 2t.56 21.16

t2 5 -64.56 -64.14

9 -64.87 -64.42

13 8 64.56 64.14 63.05
12 64.87 64.42 63.27

14 9 -43.45 -43.13 -42.32

13 -2t.73 -21.56 -21.16

15 12

t6
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Table 7.3 End moments for typical rigid connections

End Moments (kN-m)
Member Joints Lower Middle Upper

# Boundary Boundary Boundary

2 -243.0t _322.67 -402.67
2 2 237.37 3t3.67 390.r3

3 -237.37 -313.67 _390.13

3 3 243.0t 322.67 402.67
4 -58.03 -57.03 _53.94

4 5 128.77 127.03 t20.28
6 -460.97 -612.72 _765.60

5 6 447.81 591.82 736.47
7 -447.81 -59t.82 -736.47

6 7 460.97 612.72 765.60
-t28.77 -127.03 -120.28

113.02 110.69 t04.t7
-464.53 -617.31 -77t.09
45t.94 597.81 744.32
-45L94 -597.81 -744.32

464.53 617.31 77t.09
12 -113.02 -110.69 -r04.t'7

I
9

10

8 10

11

9 11

11 4 58.00 57.00 53.91
I 61.97 61.17 57.98

10 I 58.00 -57.00
5 -61 .97 -61.17

t2 5 -66.70

9 -67.45

-53.9t
-57.98

-65.77 -62.21

-61.19 -62.38
13 8 66.70 65.77 62.21

t2 67.45 66.19 62.38
14 9 -45.47 -44.40 -41.70

t3 -22.74 -22.20 _20.85

15 12 45.47 44.40 41.70
t6 22.74 22.20 20.85
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8. Conclusions / Recommendations

8,1 Conclusions

8.1.1 Modeling Connection Behaviour
It is shown in this and other studies that connection force-deformation behaviour

contributes significantly to overall ftame behaviour. several factors such as bolt slip,

localized yielding, local bucking and geometric effects contribute significantly to the non-

linear behaviour of connections.

Attempts to develop connection behaviour models that are accurate for all possible

combinations of connection parameters have been largely unsuccessful. Thus, the most

practical method to model connection behaviou¡ is to curve-fit the experimental moment-

rotation data for various specimens.

The characteristics of three cuwe-fitting fr¡nctions were analyzed and compared. These

are the Ramberg-Osgood function (1943), the Richa¡d-Abbott function (1975) and the

modified Richard-Abbott fi.mction (Dong, 1994). The modified Richæd-Abbott fi¡nction

was found to be superior for three reasons; it is capable ofplotting curves that are tangent

to the initial and final slope lines, it permits two points of maximum curvature and it can

plot cuwes with reversals of curvahre.

274 sets of experimental data have been curve-fitted using the six parameter modified

Richard-Abbott function. The moment-rotation behaviour of a connection specimen can

be described fully and compactly using only the six parameters. This makes the firnction

ideal for incorporating into a structural analysis program that accounts for nonlinear

connection behaviour. The moment-rotation behaviour can be input by simply entering

the six cwve-fitting parameters for each connection type.

1s7



8,1.2 Classification and Standardization of Connections

A simple plot of the moment-rotation behaviour of a corurection is not very useful to a

designer. Therefore, the Eurocode3 (1990) classification boundaries have been

superimposed on the normalized moment-rotation plots for each specimen. This provides

a quantitative way of comparing the relative strength and stifhess of different connection

specimens. Envelopes of M-$ behaviour of the typical corurections types have been

superimposed on the classification boundaries to help designers establish a ,,feel', for the

behaviour of a corurection.

connections often account for a significant part of the construction cost of a steel frame.

standardization of con¡ection components can cut costs significantly because for each

connection type, there are several options such as bolts size, strength and spacing, and

plate or angle thickness and length. This requires fabricators to stock a variety of angle

sizes, plate thicknesses, etc. In the interest of economy, the steel industries in seve¡al

countries have already begun the task of standardizing the geometries of beam-to-column

connections. Given the cunent kend toward a global economy and the

intemationalization of standards, a logical strategy is to standardize structural steel

connection geometries intemationally. A standardized designation system has been

proposed in this study. Laboratory testing of the "standard" connection geometries can

be performed to develop accurate moment-rotation data. These data can then be cr¡rve-

fitted and the curve-fitting parameters incorporated into a structu¡al alalysis program.

8.1,3 Computer Analysis and Results

A structural analysis computer program that accounts for connection deformation using

the modified Richard-Abbott function was used to examine the effects of connection

behaviour on overall frame behaviour. The program accounts for the non-linear

behaviour of connections by performing repeated cycles of analysis assuming linear

connection behaviour. After each cycle the computed end moments are compared the
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"exact" end moments using the modified Richard-Abbott function. Connection

stiffnesses are then modified and the structural stifûress matrix updated. The analysis is

repeated until end moments for the linear analysis converge to the "exact" values.

A sensitivity study was conducted on a three bay, three story ftame to illustrate the

relationship between the range of connection behaviour on overall frame behaviour. The

range ofbehaviou ofthree classes of connections; flexible, semi-rigid and rigid was used

in the analysis. Results show that flexible connections that fall near the lower boundary

of moment-rotation behaviour, such as single web angle connections, can justifiably be

modeled as pinned connections in frame analysis. However, for stronger and stifler

flexible connections, such as double web angle and header plate connections this

assumption may not be valid. This can result in an underestimation of column moments

and therefore, an utconservative design. For semi-rigid connections it appears that ftame

end moments are not sensitive to the type connection used but that they can hansmit

significantly higher end moments than can flexible connections. Rigid connections

appear to have a larger range ofbehaviour than for semi-rigid connections.

8.2 Recommendations for F urther Study

Elastic and inelastic buckling of structu¡al members and overall structural stability were

not considered. The computer analysis program could be extended to account for these

effects.

There is a limited amount of test data for composite beam-to-column connections.

Therefore, an extensive database of the moment-rotation data for composite connections

is not yet available. Because of the increasing use of composite connections in practice it

is desirable for more research to be conducted in this area to demonstrate the impact of

composite connections on frame behaviour. Attempts to standardize composite

connections should be made.



It is recommended that experimental testing of the moment-rotation behaviour for all the

proposed standardized connections be conducted. Enough tests must be conducted to

provide a statistically significant representation of the behaviou¡ of each standaÌd

connection. This will supply designers will accurate M-Q behaviour for every standard

coûìection type. Presently, there are not enough data available to know how accurate the

M-{ curves are.
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Appendix A



Table ,4. I M-S data for Lipson: AA-2ll (1968)

Moment, M RotatiorL ö
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0.168

0.218
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0.0014
0.0028
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0.0044

0.0053
0.369 0.0061
0.417 0.0072
0.465 0.0083
0.531 0.0096
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0.660 0.0t24

0.722 0.0140

0.797 0.0157
0.472 0.0173
0s47 0.0190
l-010 0.0206
t.073 0.0222
1.136 0.0237
l.zL3 0.0252
1.290 0.0266
t.367 0.0280
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1.538 0.0347

1.s93 0.0370

Moment, M Rotation, Q

ll.I-m radia¡s
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Table A-2 M-S data for Lipson: AA-72 (1968)
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Table 4.3 M-$ data forLipson: AA-3/1 (1968)

Moment, M Rotatioq {
lù.I-m r¿dians
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0.4a7
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1.015
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0
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Moment M Rotation, {
lcN-m re¡lian<
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Table 4.4 M-S data for Lipson: AA-3/2 (1968)

Moment, M Rotation, g ll Moment" M Rotatio4 0
kN-m radians ll lclI-rn radians

0

0.227

0.454
0.680

0.882
1.084

LZ86
r.513
t.740
t.967

0
0.0007

0.0013

0.0020
0.0025

0.003t
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Figure 4.4 (a) M-$ curve for Lipson: AA-3/2
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Table 4.5 M-$ data for Lipson: AA-4/l (1968)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, fl{"

Figure A..5 (b) Eurocode3 Classification of Lipson: AA-4/l
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Table 4.6 M{ data for Lipson: AA-4/2 (1968)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotatiorç fl{,

Fþre A.6 (b) Eurocode3 Classification of Lipson: AA-4l2
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8.844 0.0241
9.038 0.0254
9.247 0.0268
9.455 0.0282
9.686 0.0300
9.9t7 0.0318
10.n7 0.0334
10.318 0.0351

t0.526 0.0370
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Table 4.7 M-f data for Lipson: AA-5/l (1968)

Moment, M Rotatio4 {

0.839

1.677

2.5t6
3.246
4.0s7
4.879
5.702
6.U6
7.t94
8.011

8.831

9.471

l0.l l0
10.748

11.386

lL.97t
t2.556
13.568

14.l5l
14.733

15.312

15.892

t6.546
17.199

17.648

0.0006
0.0011

0.0017
o.0022
0.0027
0.0031

0.0036
0.0041
0.0046
0.0053
0.0059

0.0066

0.o072

Moment, M Rotatioq 0

t8.622
19.147
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20.t37
20.553
20.969

?1.229
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21.747
22.015
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Figure A..7 (a) M-0 curve for Lipson: AA-5/l
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Table 4.8 M-$ data for Lipson: AA-5/2 (1968)

0
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Figure 4.8 (a) M-0 curve for Lipson: AA-512
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Table 4.9 M-$ data for Lipson: AA-6/l (1968)

Moment, M Rotatio4 0
kl.I-m radians

0.859 0.0003

1.718 0.0007
2.577 0.0010
3.479 0.0014

4.380 0.0018

5.203 0.0022
6.026 0.0027
6.927 0.0031

7.A2a 0.0036
8.599 0.0041

9.370 0.0045

10.063 0.0050

10.756 0.0055

11.604 0.0061

r2.4st 0.0067
13.063 0.0075

t3.676 0.0083
14.800 0.0095
15.437 0.0104
t6.074 0.0113

16.708 0.0124
17.342 0.0136
t8.027 0.0148
lE.7l I 0.0t6I
19 .266 0.0 174

Moment, M Rotatio¡L ô
kl.l-m radians

20.206
20.592
20.n8
21.480

2t.982
22.357
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22.956
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Figure 4.9 (a) M{ curve for Lipson; AA-6/l
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Table A.l0 M{ data for Lipson: AA-6/2 (1963)

Moment, M Rotatioq 0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized RoøtiorL þ/{p

Figure A.l0 (b) Eurocode3 Classification oflipson: AA-6/2
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8.318 0.0018
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Figure A.l l (u) M-0 curve for Lipson:BB-4/l
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Table A.l1 M-f data for Lipson: BB-4/l (1968)

0 0.05 0.1 0.¡5 0.2 0.25 0.3 0.35
Normalized Rotation, fl{,

Fþre A.I I (b) Eurocode3 Classifcation of Lipson: BB-4/l
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Table A.12 M-.,þ data for Lipson: BB-4/2 (1968)

Moment, M Rotatioq 0
ld.l-m

0
0.480

1.035

1.560

2.356
3.046

3.72t
4.t34
4.546
5.281

0.0004
0.0010

0.0016

0.0023

0.0030

0.0038
0.0043
0.0047

0.0057

Moment, M Rotation, f
kl.I-rn radians

6.031 0.0066
6.706 0.0077

7.st5 0.0092
7.949 0.0101
8.383 0.0lll
8.795 0.0t22
9.207 0.0133
9.655 0.0146
10.104 0.0159
10.493 0.0173

l0.E8l 0.0188
1t.255 0.0202
t1.629 0.0216
12.031 0.0236
12.434 0.0255
12.859 0.0276

13.642 0.0316
14.000 0.0335
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t4.775 0.0379
15.018 0.0395
15.261 0.0411

15.504 0.0427
15.899 0.0450
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Figure A.12 (a) M-ó curve for Lipson: BB-412

O E)çcrirncûtâl Dsfå

-Modiñcd 
Furrclion

Slnglc W.b Â¡gL Connccdo¡
A¡qlc S¡zc: 100)O0r8r¿92
Bcâm: W530X92 lvt^=708 kN-m
Falc¡crs: À32J 20ø
Marc¡ial: 436

I

è
E o.s

ä 0.6

!

ë 0.4

Ê,0.,

0 0.05 0.1 0.15 0.2 0-25 0.3 0.35
Normalized Rotation, ü{e

Figure A.12 (b) Eurocode3 Classification ofl,ipson: BB-4/2



Table A.13 M-g data forLipson: B2-4 (1968)

Momenq M Rotatio& {
ld.[-m radians

o.346

0.692
1.27A

1.616

1.955

2.331
2.707
3.120
3.533

3.857
4.180

4.563

4.946
5.427
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7.320
7.83t
8.349

E.867

9.362

9.858

10.195

10.533
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0.0019
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o.oo74
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0.0116

0.0123

Moment, M Rotation, {
kN-m radians

ll.ll7
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I1.70r
11.895

12.045

t2.194
12.353
t2.5t2
12.67 t
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Fþre A.13 (a) M-ô curve for Lipson: B2-4
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Table A.14 M-$ data for Lipson: B3-4 (1968)

Moment, M Rotation, 0

00
0.601 0.0005
1.338 0.0012
1.743 0.0016
2.149 0.0021

2.8t0 0.0027
3.502 0.0032
4.005 0.0036
4.509 0.0040
4.967 0.0044

5.426 0.0048

6.162 0.0055

6-568 0.0059

Moment, M Roøtion, {

12.521 0.0194

t2.774 0.0207
13.028 0.0220
13.266 0.0234

13.505 0.0248
13.678 0.0260
13.852 0.0271
14.026 0.0283
t4.27t 0.0299
t4.517 0.0315
t4.703 0.0330

6.973
7.492
E.010

8.385

8.760

9.188

9.615

10.028
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10.807

tt.r74
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Figure A-l4 (a) M-$ curve for Lipson: B3-4
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Table A. 15 M-.{ data for Lipson: C-4 (1968)

Moment, M Rotatior\ 0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized RoAtioL 0/öp

Fþre A.l5 þ) Eurocode3 Classification of Lipson: C-4

15.317 0.0093
15.581 0.0099
15.871 0.0105
16.160 0.0111

16.450 0.0118
16.670 0.0t24
16.891 0.0131
l7.1ll 0.0137
t7.332 0.0144

Moment, M Rotatio¡L Q
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0.746 0.0001
t.492 0.0002
2.238 0.0003
2.899 0.0007
3.560 0.0010
4.251 0.0012
4.942 0.0013

5.633 0.0014
6.489 0.0017
6.985 0.0018
7.480 0.0019

8.276 0.0023

8.824 0.0026
9.372 0.0030
10.228 0.0033
10.67t 0.0037
lt.ll3 0.0040
tl.57t 0.0045
t2.028 0.0049
12.538 0.0054
13.048 0.0059
t3.528 0.0066
14.008 0.0072
14.398 0.0077

t4.788 0.0083
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Table A.16 M-$ dataforLipson: D-4 (1968)

Moment, M Rotation,o
lùl-m radians

0 0.05 0.1 0.t5 0.2 0.25 0.3 0.35
Normalized Rotation, 0/0p

Fþre A.16 (b) Eurocode3 Classification of Lipson: D-4

14.884 0.0097
15.113 0.0102
t5.342 0.0107
15.571 0.0112
15.800 0.0117
15.995 0.0123
16.190 0.0129
16.385 0.0t34
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0
0.748

t.496
2.244
3.0t2
3.779
4.254
4.728
5.353

5.978 0.0019
6.467 0.0020
6.957 0.0022

7.s28 0.0025

8.100 0.0029

8.650 0.0032
9.199 0.0035
9.816 0.0038
t0.433 0.0042
11.005 0.0048
11.577 0.0054
12.080 0.0060
t2.584 0.0065
t3.010 0.0071

t3.436 0.0077
t3.862 0.0082
14.203 0.0087



Table A.17 M-$ data for Lipson: G-2ll (1968)

Moment, M Rotatioq 0

o.zss 0.0001

0.510 0.0002
0.765 0.0004

1.020 0.0005

l.z7 5 0.0006

1.530 0.0007
1.752 0.0008

1.975 0.0009

2.197 0.0010
2.420 0.00 t I
2.642 0.00t2

2.881 0.0013

3.120 0.0014

3.3s9 0.0015
3.597 0.0017

3.817 0.0018

4.037 0.0019

4.257 0.0020
4.477 0.0021

4.726 0.0022
4.975 0.0023

5.184 0.0025
5.392 0.0026
5.510 0.0039
5.521 0.0049

Moment, M Rotatiorç þ
kl.{-rn radians

5.508 0.0068
5.251 0.0076
5.057 0.0090
5.026 0.0101

s.t72 0.0104
5.318 0.0107
5.519 0.0u8
s.5s4 0.0127
5.589 0.0135
5.602 0.0144
s.615 0.0153

5.381 0.0167

5.349 0.0179
5.3t7 0.0190
5.33s 0.0204
5.352 0.0219

5.394 0.0231

5.435 0.024r'.

5.401 0.0256

5.366 0.0269
5.364 0.0279
5_361 0.0289

5.359 0.0298

5
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o
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0

0 0.01 0.02
Rotational Deformation (radians)

Fþre A.l7 (a) M4 curve forLipson: G-2ll
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TableA.lS M-$ dataforLipson: G-3ll (1968)

Moment, M Rotatio& {
kl.I-m radia¡s

0-576
1.153

t.729
2.306
2.882

3.459

4.073
4.687
5.301

5.823

6.346

6.869

7.404
?.939
8.473

8-929

9.385

9.917

t0.292
t0.47t
10.490

10.575
10.660

10.548

10.435

Mome ,M Rotatio4 0

t0.547 0.0130
10.703 0.0143

10.860 0.0156
t1.023 0.0167
ll.lEs 0.0178
ll.42t 0-0191

11.657 0.0203

11.705 0.0214
t1.752 0.0224
11.878 0.0235
l2.oo4 0.ou5
t2.224 0.0256

t2.444 0.0267
12.879 0.0278
13.314 0.0288
t3.749 0.0299

^t0
*,€ z-s
t:

¿

2.5

0 0.01 0.02
Roøtional Deformation (radians)

Figure Al8 (a) M-0 curve for Lipson: G-3ll
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Table A.19 M{ data for Lipson: G-4ll (1968)

Moment, M Rotatio¡¡, 0
kN-m radians

0.996
1.992
2.988
3.9A4

4.980
5.907

6.833

1.616
8.399

9.t82
9.934

10.685

n.489
t2.292
13.402
14.430
14.993

0
0.0001
0.0002
0.0003
0.0005

0.0006
0.0007

0.0008
0.0009

0.00t I
0.0013

0.0014

0.0015

0.0019
0.w22
o.0027
0.0033

0.0040

Moment, M Rotatioq 0

15.609 0.0t24
15.719 0.0133

t5.E29 0.0142
15.853 0.0154
t5.876 0.0166
16.079 0.0177
t6.269 0.0185
t6.459 0.0193

16.875 0.0204
t7.290 0.0214
17.823 0.0225
1E.356 0.0235

19.155 0.0247

19-953 0.0259
20.561 0.0270
2t.169 0.0281
21.78t 0.0291

22.393 0.0300
t5 .324 0.0046
15.228 0.0053
l5.ll0 0.0067
15.102 0.0077
15.093 0.0087
15.218 0.0097
t5.343 0.0108
t5.476 0.0116
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Figure Al9 (a) M4 curve for Lipson: G-4ll
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Table 4.20 M-g data for Lipson: G-5/l (1968)

Moment, M Rotatio4 {

0
1.854

3.708

5.562
1 aaa

8.882

10.290

tt.697
12.835

t3.973
15.106

t6.239

17.544

18.850

20.014

21.t78
2t.671
22.004
22.52t
23.038

23.717
24.396

25.098
25.801

26.504
27.528

0.0002
0.0004

0.0006

0.0007

0.0009

0.00
0.0014

0.0015

0.0017

0.0020
0.0024

Moment, M RotatiorL +
kN-m radians

28.551
29.488
30.425

3l.1ll
31.798

32.484
33j02
34.1t9
34.937

35.779

0.01

o.0t74
0.0185

0.0198

0.021I
0.0224
0.0236

0.0249
0.0261

o.0274
0.0286
0.0299

0.0028

0.0032
0.0038
0.0044

0.0048

0.0054

0.0062
0.0071

0.0085

0.0098
0.0110
0.0t22
0.0133

0.0148

36.621
37.463
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Figure 4.20 (a) M4 curve for Lipson: G-5/l
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Table A.2l M-þ data for Lipson: Pt-2ll (1968)

MomenÇ M Rolâtion, 0
kN-rn

0

0.24t
0.481

0.722
0.963

1.204

1.444
1.688

1.931

2.1'7 5

2.4t8
2.6t2

2.805

2.999

3.25t
3.504

3.694
3.883

4.O72

4.274
4.47 5

4.585

4.695

4.726

4.758
4.789

0.0001

0.0003

0.0004
0.0006

0.0007
0.0009

0.00I I
0.0013
0.0016
0.0018

0.0022

0.0026

0.0029

0.0034

0.0039
0.0044

0.0049
0.00s4
0.0062
0.0071

0.0083

0.0095

0.0108

0.0120

0.0132

Morren! M Rotatio4 0

4.763

4.737

4.7tt
4.707
4.703

4.699
4.695

4.765
4.835
4.996
5.158
5.353

5_548

0.0160

0.0174

0.0I86
0-0197

0.0209
0.0220
0.0233
0.0245
0.0254
0.0263
o.0273

0.0283
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Table A.22 M{ dataforLipson: Pl-2l2 (1968)

Moment, M Rotatio4 {

0.212
0.424
0.635
0.847
1.059

t.284
I.509
1.735
1.960

2.182
2.403

2.625
2.826
3.026
3.226
3.427
3.669

3.9t2
4.t49
4.387

4.6t2
4.679

4.747

4.699

4.651

0.0001

0.0003
0.0004
0.0006
0.0007
0.0009

0.00u
0.0013

0.0015
0.0018

0.0020

0.0023

0.0026
0.0030
0.0033
0.0036
0.0043

0.0050

0.0059

0.0067

0.0088

0.0110

0.0131

0.0156

0.0180

Moment, M Rotatio4 {

4.603

4.556
4.509
4.462
4.388
4.314
4.357

4.341
4.539

4.737

0.0205

0.0229
o.0253

0.0278
0.0305
0.0333
0.0360

0.0383
0.0405

o.0426
o.0447

0.0468

0.0489

0.0510
0.0536
0.0s63
0.0589

4.934
5.004

5.O74

5.145
5.063

4.982
4.901
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Table A.23 M-$ data for Lipson: Pl-3/t (1968)

Moment, M Rotatio4 {

0.7s6
l.5l I
2.267
3.023

3.779

4.545
5.311

6.tt7
6.923
7.497
E.070

8.720
9.370

9.860

0
0.0001

0.0002
0.0003
0.0005

0.0006

0.0008

0.001I
0.0013
0.0015
0.0018
0.0020

0.0022
0.0025

0.0029

Moment, M RotatiorL ô

15.293 0.0160
15.510 0.0171
15.828 0.0t83
t6.t47 0.0195
t6.465 0.0207
16.758 0.0219
17.051 0.0231
t7.343 0.0?43
t7.6tt 0.0255
t7.879 0.026'l
18.147 0.0278

10.351 0.0032
11.251 0.0041
tt.77t 0.0047
t2.292 0.0053
12.796 0.0064
13.301 o.oo74
t3.719 0.00E7

14.t38 0.0100
t4.379 0.0112
14.620 0.0124
14.861 0.0136

18.384

18.621

18.858
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J
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Ê,o
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Table A.24 M-$ data for Lipson: Pl-3/2 (1968)

Moment, M Rotato4 {

00
0.828 0.0002
1.656 0.0003

2.484 0.0005
3.311 0.0006
3.869 0.0009
4.427 0.0012
4.984 0.0016

5.662 0.0021
6.339 0.00n
7.167 0.0034
7.6t4 0.0039

8.060 0.0044

8.719 0.0055

8.767 0.0063
8.815 0.0088

8.862 0.0114
8.910 0.0139

8.957 0.0165
9.005 0.0190
9.1t6 0.o2t7
9.227 0.0243

9.338 0.0n0
9.s49 0.0297
9.76t 0.0325

t0.l7s 0.0349

Moment, M Rotatioq 0

10.590 0.0374
11.050 0.0397

11.509 0.0420

12.024 0.0439

12.538 0.0457
13.091 0.0476
13.643 0.0495
t4.476 0.0522
15.308 0.0549

15.983 0.0577

t6.682 0.0598
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Fþre 4.24 (a) M-rþ curve for Lipson: Pl-3/2
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Table 4.25 M{ data for Lipson: Pl-4lt (1968)

Momeng M RoøtiorL {

0
r.297
2.594
3.891

5.188

6.485

7.409
8.333

9.101

9.869
1t.242
12.460

13.353

r3.995
t4.260
14.52s
14.836

t5.t47
15.4s7

t5.E76
16.295

17.02t
t7.748
18.753

19.758

2l.025

0.0002
0.0004
0.0006
0.0007

0.0009
0.001I
0.0013
0.0015
0.0018

0.0024

0.0030

0.0041

0.0056
0.006E

Moment, M Rotation, {
kN-m radians

23.257 0.0237
24.222 0.0248
25.055 0.0261
25.889 0.0273
26.723 0.0285
27.295 0.0298
27.868 0.031I
28.440 0.0324
28.980 0.0339
29.520 0.0354
30.060 0.0369

0.0080

0.0094

0.0108

0.0122
0.0134

0.0147

0.0160

0.0174
0.0185
0.0196

0.0211
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Table A.26 M<þ data for Lipson: P14l2 (1968)

Moment, M Rotatio4 $
kN-m radians

0
1.281

2.562
3.843
5.124
6.405

7.673
8.941

9.706
10.472

tlj22
12.828

13.638

t4.2t5
14.468

t4.579
14.690

14.956

15.222

15.789

16.355

l6-935
t7.5t5
18.708

19.901

20.919

0

0.0002

0.0004

0.0006
0.0008

0.0010

0.0013
0.0017

0.0020
0.w22
0.0029
0.0036

0.0048

0.0059

0.0075
0.0087

0.0098

0.0110

0.0t22
0.0137
0.0151

0.0162
0.0173

0.0186
0.0199

0.0211

Moment, M Rotatio4 0
kl.l-m radians

2t.936 0.0222
22.954 0.0234
24.249 0.0251

25.545 0.0268
26.38s 0.0?,82

27.22s 0.0296
n.a99 0.0313

28.573 0.0330
29 .067 0.0343

29.561 0.0356
30.055 0.0369

25

õHM
zú
t: 15

o
>10

5

.^oot

looo o E ç.rirnd¡t¡l lht¡
oo " 

-Modifcd 
Functiqr

Sldc Pl¡t Co¡ùrec{oû

t!4qsiæ:292 x 6

E9A!C.W530 X92 l"[-708 kN-m
Frstcn.rs: Ài25 20ø
ì&!Êdc[ À36

0 0.01 0.02 0.03
RotationâI Ddonnation (radians)

Figure 4.26 (a) M-0 curve for Lipson:Pl-4(2

o

ooo-
o

I

è
> 0.8

ã 0.6

¿€
.N 0.4

20.,

o ooo-

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Roøtioq Q/op

Figure A.26 (b) Eurocode3 Classification oflipson: Pl-4l2 I

I
ì

ì

I

ti
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Sldc Pl¡t Cormcc-do¡r
Plrtc Sizd 368 x 6
Bcan: W530 X 92 l,L-708 tN-ñ
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Table A.27 M-S data for Lipson: Pl-5/1 (1968)
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Normalized Roratior¡ fl {,

Figare l-27 (b) Eurocode3 Classification oflipson: Pl-5/l

45.898 0-0187
46.5n 0.0198
47.t47 0.o2t2
47.768 0.0227
48.388 0.024t
48.788 0.0251
49.188 0.0262
49.588 0.0273
49.933 0.0284
50.279 0.0295
s0.625 0.0307

Momenq M Rotation, 0
kl.I-m radians
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00
2.3s4 0.0002
4.707 0.0003
7.06t 0.0005
9.414 0.0006
lt.76a 0.0008
t3.s97 0.0010
15.427 0.0012
17.2s7 0.0014
19.319 0.0016
21.381 0.0018
23.442 0.0020

2s.906 0.0025

28.369 0.0031
30.899 0.0039
33.429 0.0048
35.557 0.0060
37.685 0.0072
38-920 0.0084
40.154 0.0097
40.940 0.0108
4t.727 0.0119
42.st4 0.0130
43.223 0.0141
43.931 0.0152

44.640 0.0163



Table 4.28 M-$ data for Lipson: Pl-5/2 (1968)

Moment, M Rotatio4 þ

0
2.498
4.996
7.494
9.992
I1.768
13.545

15.322

17.243

19.r65
21.086

22.736

0.0001
0.0003
0.0004

0.0005

0.0008

0.0010
0.0012

0.0017

0.0022
0.0027
0.0033

Moment, M Rotatiorì, $
lù.I-m radia¡s

36.970 0.0243
38.563 0.0252
40.829 0.0269
43.095 0.0286
44.935 0.0302
46.776 0.0319
47.780 0.0330
48.784 0.0342
49.882 0.0360
50.035 0.0371

50.189 0-0381

24.385 0.0038

26.663 0.0051
27.096 0.0060
27.ttt 0.0077
27.2t7 0.0090
27.324 0.0103
27.430 0.0116
27.788 0.0135
28.145 0.0153

28.786 0.0169
29.428 0.0184
30.760 0.0201
32.864 0.0220
34.064 0.0231

4
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Rotational Deformation (radiars)

Fþre 428 (a) M-ô curve for Lipson: Pl-5/2
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Table 429 M-$ data for Lipson: P1-6/l (1968)

Moment, M Roatio4 {
kl.I-rn radians

00
3.737 0.0001
7.474 0.0003
I l.2l l 0.0004
t4.949 0.0006

18.686 0.0007

2t.2ts 0.0009
23.745 0.00il
26.n5 0.0013
29.142 0.0015
32.010 0.0017
34.019 0.0020

36.029 0.0023

Moment, M Rotatio4 0
kN-m radians

56.184 0.0146
58.949 0.0157
6t.713 0.0168
63.743 0.017E

65.773 0.0188
67.ß7 0.0196
68.601 0.0204
69.871 0-0213

7t.t4I 0-0222
72.4t0 0.0230
74.007 0.0243

75.603 0.0255
38.426 0.0026
40.737 0.0033
42.tt9 0.0038
43 .260 0.OO47

44.627 0.0058
45.575 0.0066
46.523 0.0074
47.810 0.0086
49.096 0.009E

49.777 0.0105
50.45E 0.0lll
51.600 0.0120
53.279 0.0130

60
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v40
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20
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Figure 4.29 (a) M-0 curve for Lipson: Pl-6/l
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Table 430 M-$ data for Lipson: Pl-6/2 (1968)

Moment M Rotation, {
klil-m

00
3.114 0.0001
6.22A 0.0002

9342 0.0003
1?.455 0.0004
15.569 0.0005
t9.zt2 0.0006
22.854 0.0007
26.496 0.0007

30.139 0.0008
33.781 0.0009
36.359 0.0011

38.936 0.0014

41.5t4 0.0016

Moment, M Rotation, 0

59.414

61.780

63.337

64.E94

65.900
66.905

67.gtr
69.115

70.3t9
7t.346
72.373

73.399

74.4t9
7s.438

44.910 0.0021
47300 0.0026
49.436 0.0038
50.228 0.0045
5l .020 0.0053
51.3E5 0.0061
5t .749 0.0069
52.tsl 0.0077
52.552 0.0086
s3 .369 0.0098

54.820 0.0106

56.270 0.0113

0.0138
0.0149

0.0160
0.0170
0.0180
0.0189

0.0202
0.0214

0.0225
0.0236

0.0248

o.o2s7

o.0266
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Table A.3l M-$ data for Thompson: F-l alt a (1970)

Moment, M Rotatio¡L 0
kN-m radians

00
4.85E 0.0004
9.716 0.0007

13.909 0.0011

t8.103 0.0014
21.758 0.0018
25.4t2 0.0021

29.938 o.Nn
34.464 0.0032
38.159 0.0038
41.854 0.0043

46.006 0.0051

49.426 0.0066

51.903 0.0090
53.979 0.0113
55.363 0.0134
56.747 0.0156
58.131 O.Ot77

59.169 0.0208
60.207 0.0238

61.591 0.0261

62.975 0.0285
64.359 0_0308

66.435 0.0339
68.51t 0.0369
69.175 0.0397

Momenq M Rotation, 0

70.504 0.0454
71.168 0.0483
71.833 0.0511
74.324 0.0530
76.815 0.0549
82.961 0.0557
89.106 0.0565
95 .667 0.0573
t02.227 0.0581
10E.289 0.0589
ll4.35l 0.0597

tt9.874 0.0605

t25.397 0.0612
t29 300 0.06 I I
t33.203 0.0623
139.099 0.0631
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Table 4.32 M{ data for Thompson: F-l alt b (1970)

Moment, M Rotation,o
kN-m ndians

00
4.858 0.0003
9.7 16 0_0006

13.909 0.0009

18.103 0.0012
21.758 0.0015
25.4t2 0.0018
29.934 0.0023

34.464 0.00n
38.159 0.0032
4I.854 0.0036
45.840 0.0043

49.826 0.0050

56.055 0.0065
60.207 0.0096

60.726 0.0126

61.245 0.0155
6t.764 0.0185
62.284 0.0214
62.976 0.0240
63.667 0.0265
64.359 0.0291

65.743 0.0321

67.t27 0.0350

68.511 0.0380
7 I .625 0.04 I t

Moment, M Rotatioq 0

74.740 0.0,142

75.259 0.0472
7s.777 0.0502
76.296 0.0532
76.815 0.0562
79.930 0.0589
43.044 0.0616
88.919 0.0625
94.795 0.0634
101.625 0.0642
108.456 0.0649
tt4.020 0.0656

119.583 0.0663

124.566 0.0670

129j49 0.0677
t35.27E 0.0691

139.099 0.0712
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Figure 4.32 (a) M-ô curve for Thompson: F-l alt b
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Table 4.33 M-S data for Thompson: G-l alt a (1970)

Moment M Rotation, ô

0
4.77 5

9.550
t3.744
t7.937
2t.924
25.9tO
29.979

34.047

38.283
42.5t9
45.67s

47.460

0.0004

0.0007
0.001I
0.0014
0.00r8
0.0022
0.0027
0.0031

0.0039

0.0047
0.0062

0.0094

Monen! M Rotatioû {

74.740 0.0559
79390 0.0593
84.041 0.0627
88.276 0.0633
92.5t2 0.0639
97.079 0.06,14

101.646 0.0650
t06.214 0.0655
lll.653 0.0663
tt7.093 0.0671
118.545 0.0697

119.998 0.0723

22t 0.

49.245 0.0125
50.823 0.0159
52.401 0.0192
53 .979 0 .0226
55.723 0.O2s7

57.466 0.0287
60.456 0.0318
63.446 0.0350
66.435 0.0381

69.549 0.0415
72.664 0.0449
73.183 0.0477
73 .702 0.0504
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Table À34 M-$ data for Thompson: G-l alt b (1970)

Moment, M Roøtioq Q

kN-m radians

00
4.775 0.0003

9.550 0.0006
13.144 0.0009

17.937 0.0012
2t.924 0.0015

25.910 0.0018
29.979 0.0023
34.047 0.0027
38.283 0.0033
42.519 0.0039
45.675 0.0046

47.460 0.0081

49 .245 0.0 l 16

50.428 0.0144
5t.6t2 0.0171
52.796 0.0199
53 .979 0.0226
55.t42 0.0250

56.304 0.0274
57.466 0.0298
62.989 0.0331
68.511 0.03fl
7t.307 0.0395
74.t03 0.0426
76.899 0.0457

79.97168688 0.0492
83.043975 0.05n

83.29310693 0.056025
83.54223885 0.05935

83.79137078 0.062675

Moment, M Rotation, {

E3.044 0-0527
83.293 0.0560
83.542 0.0594
83.79t 0.0627
84.041 0.0660
88.276 0.0665

92.5t2 0.0669
97.660 0.0674
102.809 0.0679
107.957 0.0685
113.105 0.0690

ll6.ss2 0.0696

119.998 0.0701
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Figure 4.34 (a) M-ö curve for Thompson: G-l alt b
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Table 4.35 M-$ data for Thompson: H-t alt a (1970)

Momeng M
kN-m

0
2.94a
5.896

10.090

t3.537
18.020

22.173
26.242
30.186
34.047

3E.2E3

42.t04

44.512

46.920

47.944

48.968
49.992
51.8r9
53.647

55.142
56.637

58.422

60.207

62.324

64.442
66.477

Roøtio4 {

0.0002

0.0004
0.0007

0.0010
0.0014
0.00r8
0.0023
0.0027
0.0032
0.0039

0.00,{6

0.0052

0.0058

0.0081

0.0103
0.0r26
0.0140
0.0153
0.0177
0.0200
0.0219

0.0237

0.0259

0.0280

0.0304

Moment, M

69.514

70.516
72.62A

74.740
75.072
75.404
75.736
76.068

78.892
83.127

E6.448

89.770

92.365
94_960

Rotatiorr {
radians

0.0328

0.0354

0.0379
0.0396

0.0413

0.0439
0-0465

0.0490
0.0s16
0.0521
0.0526

0.0529

0.0532

0.0535

0.0538
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Figure 4.35 (a) M4 cuwe for Thompson: H-l alt a
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Table 4.36 M,{ data for Thompson: H-l alt b (1970)

Momeng M Rotatio4 {
lù.I-m r¿dians

2.948
5.896
10.090

13.537

18.020

22.173
26.242
30.186

34.047

38.283

42.104

44.512

0
0.0002

0.0004
0.0007
0.0010
0.0014

0.0017
0.0021

0.0025
0.0029

0.0034

0.0039

0.0044

Moment, M Rotation, S

7t.625
74.740
76.816
78.892
80.968
81.508

82.047

82.5{l
83.t27
85.r20
88.691

92.262

94.960

46.920 0.0048
49.992 0.0057
53.647 0.0089
54.145 0.0120
54.644 0.0150
55.t42 0.0181

55.640 0.02t2
56.138 0.0242
56.637 0.0273
59.584 0.0295

62.532 0.0316

65.521 0.0341

68.511 0.0366

0.0398

0.0429
0.0454
0.0480
0.0505
0.0538

0.0572
0.0605

0.0638
0.0657

0.0676
0.0694

0.0723

80

tr
)eos
É40

ooo

^o o o o oo

oOO 
O Oos

O E qcrirlcnrôl Dttâ

-Modificd 
Fmctio¡¡

Sldc Plst Co¡¡n cdo¡
Plårc Sizc 292 x 16

E!!!!WJ30 X92 Ùl¡=708 kN-m

Þ!@s!/{325 20 ø
!ú!E¡e!: at6

0 0.01 o.o2 0.03 0.04 0.05 0.06 0.07
Rotational Deformation (radians)

Figure 4.36 (a) M-ó curve for Thompson: H-l alt b
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Table 4.37 M{ data for Thompson: F-2-l alr a (l9ZO)

Moment, M Rotation, {

0
5.647

9.468
ß.2A7
17.o24

2t.259
24.996
29.06
33.135
37.6t9
42.1A6

45.840

49.826

s4.394

58.213

62.366

66.103
68.642
7t.182
73.72t
78.892
81.633

84.373
85.515
86.657

87.798

0.0004

0.0007
0.0011

0.0018

0.0029

0.0045
0.0063
0.0085
0.0106
o.0t27
0.0149

0.0171

0.0201
0.0229
0.0262
0.02n
0.0327
0.0357
0.0387

0.0413

0.0436
0.0458
0.0497
0.0536

0.0574

Moment, M Rotation, 0
liùil-m radians

9s.667

105.632
ll5.l82
125.230

133.285

t41.756
t49.729
tsB.282
166.088

0.0613

0.0632
0.0654

0-0654

0.0668
0.0679
0.0691
0.0703

0.07t7
0.0731

t74.376 0.0751

t82.697 0.0773

190 .7 52 0.0799

199 .720 0.0E3 I
207.942 0.0E68
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Table 4.38 M-g data for Thompson: F-2-l alt b (1970)

Moment,M
kN-m

0
5.647

9.468

13.287

17.024
2t.259
23.nA
24.996
29.066
33.135

37.6t9
42.t86

4s.uo
49.826

54.394

5E.213

62.366

66.103
69.9t2
73.721

78.892
81.633

u.373
88.940
90.622

92.304

0.0005

0.0008

0.0012

0.0017
0.0030
0.0062
0.0094

0.0134
0.0162

0.0203

0.0230

0.0248

0.0265

0.0288
0.0311

0.0332
0.0357
0.0395
0.0432
0.ø61
0.0487

0.0513

0.0547

0.0s97

0.0648

Moment, M Rotatio¡\ 0
lù.1-m

93.985
95.667

105.632

ll5.l82
125.230
133.285

141.756
149.729

15E.282

166.088

174.376

t82.697

t90.752
t99.720
207.942

0.0748

0.0785

0.0785

0.0799
0.0810
0.0823
0-0837
0.0852
0.0868

0.0888

0.0910

0.0935

0.0969

0.100E
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Figure 4.38 (a) M-ó curve for Thompson: F-2-l alt b
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Table 4.39 M{ data for Thompson: F-2-2 alt a (1970)

Moment, M Rotatiorl {
lcN-m radians

5.812 0.0001
13 .702 0.0008
21.591 0.0014
29.481 0.0023
37.204 0.0044

4t.563 0.0080
4s.923 0.0115
49.992 0.0143
54.062 0.0171

58.t73 0.0201

62.2U 0.0230

66.436 0.0258

70.588 0.0286
?5.903 0.0321
78.283 0.0364
80.664 0.0406
83.044 0.0449

89.064 0.0465
95.085 0.0480

104.221 0.0491
n0.657 0.0498

117.093 0-0505

t23362 0.0513
tz9.63t 0.0520
135.901 0.0529

Mom€nt, M Rotatio¡L 0

14E.067 0.0549
153.963 0.0560
160.275 0.0574
t66.587 0.0587

172.649 0.0603

l78.7ll 0.0618
187.015 0.0643
195.319 0.0662
203.4s8 0.0694
207.6t0 0.07t2
2t2.095 0.0733

2t5.9t4 0.0752
220.233 0.0780
224.219 0.081I
228.704 0.0853

230.032 0.0897

200

ât60
J

Yt20
É
9

Ëro

40

0

O Expcrimcolal Datå

-Modifiêd 
FunctioÀ

Sldc Pl¡ta Con¡ccdon
Pl^L Sizci 292 x 16

Ee!S. W530 X 92 lù1,=70E ld,l{n
\É@Æ25 mø
udds! A36

æop 
o o

oofff
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Rotational Deformation (radians)

Figure 4.39 (a) M4 curve for Thompson: F-2-2 alt a
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Table 4.40 M-{ data for Thompson: F-2-2 altb (1970)

Moment, M Rotatior\ 0

5.812 0.0003

t3.702 0.0011
21.59t 0.0019

29 .481 0.003 I
37 .204 0.005 I
45.923 0.0082

54.062 0.0117
62.284 0.0 152

66.436 0.0176
70.588 0.0199
75.903 0.0233

79.473 0.0258

83.044 0.0282
87.058 0.0312

91.071 0.0343

95.085 0.0373

97.369 0.0408

99.653 0.0444

101.937 0.0479
ro4.22t 0.0514

110.657 0.0524
117.093 0.0534

123.362 0.0542
t29.63t 0.0549

135.901 0.0558

Moment M Rotatioq 0

148.067

153.963

t60.275
166.587

t72.649
t78.7tl
187.015

r95.319
203.458
207.610
2t2.O95

2t5.9t4
220.233
224.2t9
228.704

?'30.032

0.0577

0.0586
0.0598

0.0610

0.0624
0.0637

0.0658
0.0682
0.07t2
o.o72a

0.0749
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Figure 4.40 (a) M-0 curve for Thompson: F-2-2 alt b
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Table A.4l M-$ data for Thompson: F-2-3 alr a (1970)

4.900

14.616

2t.094
25.080

29.066
37.370
45.508

49.453
53.398
57.841

62.2U

70.588

78.E92

83.460

Roøtioq $
radians

0
0.0002
0.0010

0.0031
0.0059

0.0087
0.0135
0.0179
0.0205

0.0230
0.0256
0.0282

0.03?{
0.0368

0.0409

Moment, M Rotation, {

164.323
170.448

n6.2A2
182.115

188.178

194.240
203.707
207.445

21t.846
2t6.413
220.399

224.432

0.0641
0.0657

0.0672
0.0693

0.0714
0.0749
o.0767
0.0788

0.0814
0.0841

0.0879

0.09t6
0.0952

0.0978
88.027 0.O150

92.594 0.0,+91

97.t6t 0.0532
tvt.874 0.0542
115.515 0.0550
t23.t55 0.0558
133.369 0.0574
t39.514 0.0584
145.658 0.0593
151.928 0.0604

158.198 0.0615

22.5.654

226.876

224.2t9

O E)p€riDenta¡ Dâta

-Modiñcd 
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Fþre A.4l (a) M-ô curve for Thompson: F-2-3 alt a
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Table 4..42 M<{ data for Thompson: F-2-3 alt b (1970)

Moment, M Roøtior¡ {

4.900 0.0002
14.616 0.0011
21.094 0.0019
27.t97 0.0073

33.301 0.0t27
39.405 0.0180

45.508 0.0234

53.398 0.0278

62.284 0.0330

70.588 0.0376
78.a92 0.0426

86.U0 0.0472
93.448 0.051E

100.725 0.0564
104.300 0.0617
107.874 0.0669

tt7.939 0.0684
128.004 0.0700

138.069 0.0715

148.134 0.0731

158.198 0.0746
t67.209 0.0769
176.2t9 0.0792
185.230 0.0814

t94.240 0.0837

Moment, M Rotation, {

2l1.846
2t6.t22
220.399

222.558
224.717

226.E76
224.219

0.0911
0.0941

0.0971
0.1010

0.1048

0.1087
0.1117
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Table 4.43 M{ data for Richard: RGKL2 (1982)

Moment, M Rotatio¡L $
kl.l-m radians

0.220
0.440
0.660

0.955

t.251
1.546
r.841
2.t36
2.43t

0
0.0003
0.0005
0.0008

0.0011

0.0014

0.0018
0.0021
0.0024
o.oo27

Moment, M Rotatior! 0

2.635 0.0032
2.840 0.0037

3.044 0.0042
3.333 0.0067
3.623 0.0091

5.304 0.0410
5.426 0_0436

5.555 0.0459
5.684 0.0481

5.812 0.0504
5.909 0.0527
6.006 0.0549
6. r03 0.0572

3.816 0.0117
4.010 0.0143
4.203 0.0169
4.310 0_0189

4.4t7 0.0209
4.524 0.0229
4.62t 0.0254
4.7t8 0.0279
4.8t5 0.0304
4.937 0.0330
5.059 0.o3s7

F4z
è4
CJ

oEz

0 0.0t 0.o2 0.03 o.o4 o.o5
Rotational Deformation (radians)

Fþre .A'.43 (a) M4 curve for Richard: RGKL2
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Fþre 4.43 (b) Eurocode3 Classiûcation ofRichard: RGKL2



Table A,l4 M-$ dataforRichard: RGKL3 (1982)

MomenL M Rotatio¡L 0

0.739 0.0002

1.428 0.0003

2.118 0.0004
2.754 0.0006
3.398 0.0007
4.038 0.0010
4.678 0.0013
5.367 0.00t6
6.056 0.0019

6.746 0.0027
7.435 0_0034

8.076 0.0047

8.7 t7 0.0060
9.306 0.0076
9.70t 0.0087
10.095 0.0097
10.784 0.0123
t1.473 0.014?
ll.8l8 0.0165
t2.163 0.0183

t2507 0.0t99
12.852 0.02t4
13.049 0.0235
t3 .246 0.0255
13.542 0.0280

Momenl, M Rotation, 0

14.035

14.232
14.429
14.560

t4.691
t4.822
t4.920
15.019

15.118

15.216

15.26s

15.314

0.0304
0.0331

0.0357
0.0384

0.0410
0.0436
0.0462
0.0487

0.05r3
0.0538

0.0563

0.0583

0.0602

t2

Fl0
3Y8

$e
à

4

0

0 0.01 0.02 0.03 0.04 0.05
Rotational Defonnation (radia$)

Figure 4.44 (a) M-ô curve for Richard: RGKL3
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Table 4.45 M-Q data for Richard: RGKL5 (1982)

Moment, M Rotation, 0

0
3.185
6.37 |
9.310

t2.25r
t4.2t2
16.662
t9.tt2
21.s62
24.0t3
26.953
29.893

0.0001

0.0002

0.0004

0.0009
0.0009

0.0011

0.0013
0.0016

0.0018
0.0021
0.0024

Moment, M Rotatior\ û
kl.I-m radians

60.604 0_0219

6l.9ll 0.0242
62.401 0-0264
62.89t 0.0286
63.217 0.0302

63.543 0.0318
64.197 0.0342
64.850 0.0366
65.340 0.0389
65.E30 0.0412
66.157 0.044r

66.484 0.0471
66.8n 0.0500
67.t37 0.0524
67.464 0.0548
67.79t 0.0572
68.118 0.0596

32.507 0.0029

35.t2t 0.0033
37.081 0.0037
39.041 0.0041

4t.49t 0.0048
43.942 0.0055
46.229 0.0067
48.515 0.0078
51.456 0.010s
52.763 0.0120
54.070 0.0135
55.540 0-0151
57.010 0.0166
58.153 0.0181

50
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o
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Fþre 445 (u) M4 curve for Richard: RGKL5
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Figure 4.45 (b) Eurocode3 Classification ofRichard: RGKLS
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Table ,4..46 M{ data for Richard: RGKLT (1982)

Momenl, M Rotatioq $
lù,I-m radians

6.054 0.0002

12.108 0.0005
18.163 0.0007

24.t06 0.0011
30.050 0.0014
35.994 0.0018
42.379 0.002 I
44.763 0.0025
55.148 0.0028
60.872 0.0032
66.s96 0.0037

72.3t9 0.0041

77.273 0.0046
42.226 0.0050
86.850 0.0056
9t.473 0.0061

Moment, M Rotatio¡U Ô

kll-m radiars

132.422 0.0255

133.742 0.0276
135.063 0.0297
136.054 0.0315
t37.045 0.0332
138-035 0.0348
t39.O26 0.0364
t40.347 0.0390
141.668 0.0417
142.989 0.0443
143.649 0.0471

t44.309 0.0498

144.970 0.0526
145.630 0.0552

t46.29t 0.0578
t46.952 0_0604

96.427
101.380

1o5.342
109.305

114.588

I17.891

120.863

123.835

127.794

0.0073
0.0085

0.0098
0.01I I
0.0135
0.0157

0.0174

0.0190
o.0220
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Figure 4.46 (a) M{ curve for Richard: RGKLT

I

è
> o.s

ã 0.6

¿
!
.! 0.4

2 o.t

0

0 0.05 0.t 0.15 0.2 0.2s 0.3 0.35
Nonnalized Rotatio4 0/0p

Fþre 4.46 (b) Eurocode3 Classiñcation of Richard: RGKLT

,'

:

:

t1

l.

!:

I

I
t:



Table A.47 M{ dataforLewiu: FK-aAB-M (1966)

MomenÇ M Rotation, 0

2.157
4.486

6.E16

8.918

11.248

13.635

15.910

18.184

20.460

0
0.0002

0.0005
0.0009
0.0012

0.0017
0.0022
0.0027

0.0033

0.0040

Moment, M Roøton, ô

22.679 0.0047
24.959 0.0057

27.239 0.0068

29.582 0.0086
31.926 0.0103
34.tt3 0.0135
36.301 0.0166
37.809 0.0198
39.3t6 0.0230

40.824 0.0262
4t.696 0.0295
42.569 0.0327
43.442 0.0360
44.314 0.0392
45.t87 0.0424
46.tt7 0.045E

47.978
48.908

49.838
s0.697

51.556
s2.4t5
53.274

54,133

0.0524
0.0557
0.0590
0.0620
0.0650
0.0681

0.071I
0.0741

I 4

zt¡o

e20

t0

0 0.01 0.02 0.03 0.04 0.05 0.06
Rotational Deformation (radians)

Fþre 4.47 (a) M4 curve for Lewitt: FK-4AB-M
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Figure 4.47 (b) Eurocode3 Classifcation of Lewitt: FK-4AB-M



Table 448 M-S data for Bose: Bl (1981)

Moment,M
kN-m

0

3.t17
6.234
9.350

12.E10

t6.269
t9.728
22.9t3
26.099
29.284

Rotation, +

0
0.000t
0.0003

0.0004

0.0006

0.0008

0.0010
0.0012

0.0013
0.0015

Moment, M Rotåtion, 0
kN-m

32.674 0.0017
36.M4 0.0019

39.454 0.0021

43.700 0.0024
47.946 0.0028
5t.773 0.0031

55.600 0.0035
57.768 0.0038
59.935 0.0040
62.339 0.0044
64.742 0.0047
67.t46 0.0051

69.761 0.0054
72.376 0.0057
74.99t 0.0060
76.424 0.0063

79.29t 0.0069
81.416 0.0073
83.541 0.0076
85.666 0.0080
87.514 0.0083
89 .362 0.0087
9t .209 0.0090

?
T60z
è9
Ë
pæ
o

m

0 0.002 0.004 0.006 o.0oE
Rotational Defornation (radians)

Fþre 4.48 (a) M-ó curve for Bose: Bl
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Table 4.49 M-Q data for Thompson: A1-l alt a (1970)

Moment, M Rotatioq 0
kl.{-m radians

2.768
5.536
8.304

I1.073
13.841

16.609

18.435

19.826
21.2t7
22.608
23.999

0.0017

0.0034

0.0052
0.0069
0.0086
0.0103
0.0153
0.0207
0.0260
0.0314

0.0367

0.0421

Moment, M RotatiorL 0

4t.522
43.598
4s.675
47.7s1
49.826

51.903

53.979
56.055
58.131

60.207

62.284

64.359

6.43525.266

26.533 0.0474
n.799 0.0528
29.066 0.0581

z9.4AI 0.0634
29 .496 0.06E7
30.3t2 0.0741
30.727 0.0794
3t.t42 0.0847
32.180 0.0898
33 .218 0.094E

35.294 0.0964
37.370 0.0979
39.446 0.0991

0.I0t4
0.1026
0.1030
0.1034

0.1038
0.1041

0.1051
0.1060

0.1073

O Expcrimcúâl Data

-Modificd 
Function

Iroùlc Wcb Á¡8lc CoÍncc1lol¡

44gl9.lsE9i 100 x 90 x I x292
B€3m: W530 X 92 ¡i¿-708 kN{n
Faltencß:4325 20ø
Mareriâl: À36
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Fþre 4.49 (a) M-ö curve for Thompson: A1-l alt a
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Table 4.50 M-$ data for Thompson: A1-l alr b (1920)

Moment, M Roøtior¡ {
lù.I-m radians

2.76E
5_536

8.304
11.073

13.841

16.609

18.435

19.548

20.661
2t.774
22.887

23.999

24.633

0
0.0019
0.0039
0.0058
0.0077
0.0097
0.01l6
o.ol77
0.0229

0.0281

0.0332
0.0384

0.0436

0.0496

Moment, M Rotatio4 {

39.446
4t.522
43.598
45.675
47.751
49.826
51.903

53.979

56.055

58.13r
60.207

62.2E4

64.359

66.435
2s.266 0.0555
25.899 0.0615
26.533 0.067s
27.t66 0.0734
27.799 0.0794
28.433 0.0853
29 .066 0.09 13

30.104 0.0969
3t.142 0.1025
33.218 0.1048
3s.294 0.1057
37.370 0.1066

0.1085
0.1096

0.1107
0.lIl7
o.1126
0.1136
0.u45
0.1158
0.1170

0.1188

0.1205

0.1235

o.t264
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Fþre 450 (a) M-þ curve for Thompson: Al-l alt b
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Table 4.51 M-g data for Thompson: A1-2 alt a (1970)

Momenl, M Rotatioq {

2.325
4.650

6.810
8.969

t2.540
14.533

t6.609
1E.685

20.762
22.837
23.875

24.913

25.951
26.989

28.028

29.066

30.104
3t.t42
31.834

32.526
33.2I8
33.633

34.048
34.463

34.87E

0
0.0006

0.0011
0.0017

0.0022
0.0033

0.0042
0.0060

0.0083
0.0118
0.0t45
0.0t75

0.0204

o.0237

o.0270
0.0310

0.0350

0.0387

0.0424
0.0460

0.0496
0.0532
0.0575
0.0617
0.0660

0.o702

Moment, M Rotation, {

36.332 0.0790
37.370 0.0835
39.446 0.0838
4t.522 0.0848
43 .847 0.08s8
46.110 0.0865
48.373 0.0872
50.594 0.0891
52.8t6 0.0909
56.387 0.0911
58.297 0.0914

60.207 0.0916
62.283 0.0918
64.359 0.0920
66.435 0.0922
68.511 0.0924
70.587 0.0927
72.664 0.0930
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Figure 451 (a) M4 curve for Thompson: Al-2 alt a
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Table 4.52 M<þ data for Thompson: Al-2 alt b (1970)

Moment M Rotation, S

2.325 0.0006

4.650 0.0012

6.810 0.0017

8.969 0.0022
12.540 0.0035

14.533 0.0047
16.609 0.0066

18.685 0.0088
20.762 0.0118

22.437 0.01,12

23.875 0.0175

24-913 0.0207

25.95t 0.0244
26.9A9 0.0280

29.066 0.0328

29.758 0.0363
30.450 0.0397
31.t42 0.0432
31.834 0.0469
32.526 0.0507

33.218 0.0544

34.255 0.0590

35.293 0.0635
35.709 0.0682

36.t24 0.0729

Moment, M Rotation, 0

36.955
37.370
38.408

39.446
41.522

43.U7
46.1r0
48.313
50.594

52.816
56387

58.2n
60.207

6?'.283

64.359

66.435
68-511
70.547
72.664

0.0823

0.0870

0.0899

0.0928
0.0949

0.0963

0.0971

0.0979
0.0989

0.0998
0.0999

0.1001
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0.1003
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0.1006
0.1008
0.1012
0.10r5
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Figure 4.52 (a) M-ô curve for Thompson: Al-2 alt b
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Table 453 M{þ data for Thompson: Al-3 alt a (1970)

Moment, M

2.508
5.015
4.7ß
12.457

14.533

16.609

18.685

20.762
22.837

23.87s
24.9t3

25.95r
26.989

28.028
29.066
30.145

3t.225
3t.702
32.179

33.529

34.878
35./+60

36.042
36.374

36.706

Rotation, {
radians

0
0.0005
0.0009
0.00r6
0.0028
0.0040

0.0059

0.0084
0.01n
0.0174
0.0207

0.0240

0.0283

0.0326
0.0367
o.0407
0_0450

0.0493

0.0540

0.0587
o.0629

0.0670

0.0702
0.0733
0.0783
0.0834

Moment, M Rotatio4 {

37.370 0.0934
38.782 0.0969
40.t93 0.1003
43.348 0.1020
45.923 0.1031
48.498 0.t042
52.234 0. 1046
54.269 0.1048
56.304 0.1050
58.505 0.10s2
60.705 0.1054

62.615 0.1056
64.525 0.1057
66.518 0.1060
68.511 0.to62
7t.833 0.1066
75.569 0.107t

O E e€riñüÍâlDat¡

-Modifi€d 
Function

Iloûblc Wcb A¡lla Co¡nrecdon

4!gbs!!gl(x)x90x8x292
&s!Ë W530 X 92 lufp=708 ld'I-¡¡
Fastcncrs:4325 20ø
MaÈriat .A36

F50z
'l:40

Ero

20

l0

0

o o.02 0.04 0.06 o.o8 o.l
Rotational Defonnation (radians)

Fþre 4.53 (a) M4 curve for Thompson: Al-3 alt a
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Figure 453 (b) Eurocode3 Classification of Thompson: Al-3 alt a



Table 4.54 M-Q data for Thompson: A1-3 alt b (1970)

Moment, M Rotatior\ 0
lù.I-m radia¡s

2.508 0.0004
5.015 0.0008
8.719 0.0017
12.457 0.0031

14.533 0.0044
16.609 0.0064

18.685 0.0094
20.762 0.0146
22.837 0.0197
23.875 0.0232
24.9t3 0.0267

25.951 0.03rr
26.9a9 0.0355

28.028 0.0397

29.066 0.043E

Moment M
kN-m

40.193
43.348

45.923

48.498
52.234
54.269

56.304

58.505
60.705

62.6t5
64.525

0.0956

0.1009
0.1026

0.1034

0.1041

0.1043

0-1045

0.1046

0.1048
0.1049
0.1051

0.1052

0.1055

0.1057
0.1066

0.1086
30.145 0.0484
3t .225 0.0529
3l .702 0.0573
32.179 0.0616
32.8s4 0.0669
33.529 0.V122
34.204 0.0774
34.878 0.0827
35.460 0.0877
36.042 0.0926

66.518

6E.51I
71.833

75.569
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Fþre ,4.54 (") M-0 curve for Thompson: A1-3 alt b
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0.0800

0.0819
0.0832
0.0844

0.0855
0.0865
0.0878

0.0890
0.0908
0.0925

0.0946

0.0967

0.0991

0.1015

60.788
66.435
70.795
75.072
79.058
83.044
E7.t96
91.348
95.501

I

è
Þ o.a

ä 0.6

à
!
.N 0.4

20.,

0
0.0004

0.0008
0.0015
0.0021

0.0030
0.0038
0.0055
0.0078
0.0104

0.0146

0.0t72
0.0198

0.0242
0.0286

kN-m

4.728
9.457
13.490

t7.523
21.467
25.4t2
31.t42
35.293

39.529
$.a47
45.799

47.7s1
48.581

49.4tt
50.242 0.0331
5r.072 0.0375
5r.902 0.0419
52.941 0.0459
53 .979 0.0499
54.394 0.054 I
54.Et0 0.0583
55.225 0.0624
5s.640 0.0666
56.055 0.0708
57.093 0.0739



Table 4.56 M-S data for Thompson: B l-l alt b (l 970)

Momenq M Rotation, 0

4.728 0.0004
9.457 0.0007
13.490 0.0011
t7.523 0.0014
2t.467 0.0023
25.4t2 0.0031
3t.t42 0.0047
3s.293 0.0069
39.529 0.0094
43.847 0.0137
47.751 0.0193

48.517 0.0240

49.243 0.0286
50.156 0.0339
51.029 0.0392
51.902 0.0445
52.760 0.0485
53.619 0.0s25
54.477 0.0565
56.304 0.0623
58.131 0.0681
58.795 0.0738
59.459 0.0796
60.124 0.0853
60.788 0.0910
66.43518 0.0966

Moment, M Rotation, {

70.795 0.l0ll
74.878 0.t022
78.961 0.1034
83.044 0.1045
87.196 0.1058
91.348 0.1070
95.501 0.1087
99.653 0.1103
103.805 0.tt22
t07.957 0.ll4l
ll2.l09 0.1163

t16.262 0.1185

t20
O Erycrintcrfal Dar¡

-Modiñcd 
Functioû

DoûbL lücb AntlG Connccdon

449þS¿9i 100 x 90 x 13 x 292
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M¡rerial: 436
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Figure 4.56 (a) M-ö curve for Thompson: Bl-l att b
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Table 4.57 M-$ data for Thompson: B1-2 alt a (1970)

Moment, M Rotation, ô

0
4.775

9.550
13.578

17.605

2t.259
25.163

29.397
3r.307
33.508
35.708
37.536

39.696

40.692
41.689

43.847

45-799

47.751

48.581

49.411
50.241
54.062

58.277

62.491
66.706

70.920

0
0.0004
0.0007

0.0013

0.0018

0.0026
0.0035

0.0050
0.0093
0.0138
0.0182
0.023E

0.0278

0.0326
0.0374

0.0443

0.0495
0.05,16

0.0599
o.0652
0.0705
0.0774
0-0795

0.0815
0.0828
0.0840

Moment, M Rotâtioq {
kN-m

79.t41 0.0862
83 .293 0.0875
87.U5 0.0888
91.514 0.0904
95.584 0.0919
99 .695 0.09,+0

103.806 0.0961
107.958 0.0991

l12.ll0 0.1021
tt6.262 0.t071
t20.4t4 0.1120

123.183 0.tt72
125.951 0.t223
128.719 0.1275
130.103 0.1349
131.487 0.1424
132.870 0.1498
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100
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960
o
>40

m

0

O E,ç€rünc al Dar¿

-Modifd 
Fundior¡

Irollùlc Web .Arglc Co¡rltccdotr
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Eç44q.W530 X92 Lf¡=708 kN-m

E3!Þ@ 4325 20 ø
Matcrial: 436

0 0.02 0.04 0.06 0.08 0.1 0.t2 0.14
Rotational Deformation (radiars)

Fþre A.57 (a) M-þ curve for Thompson: Bl-2 alt a
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Figure 4.57 (b) Eurocode3 Classification of Thompson: Bl-2 alt a



Table 4.58 M-$ data for Thompson: Bl-2 alt b (1970)

Moment, M Rotatio4 0
lòI-m radians

4.775

9.550

13.57E

17.605

2t.259
25.t63
25.834
26.506
27.849

293n
30.352

31.307

33.384

35.460
37.536
39.6t2
41.689

42.824
43.958
45.093

0
0-0004

0.000?
0.0012

0.0016
0.0024

0.0032
0.0062
0.0092
0.0151
0.0270
0.0380

0.0490

0.0666
0.0842
0.1018

0.rr94
o.t370
o.ts27
0.1684
o.1842

Moment, M Rotatio4 þ
kN-m radians

54.427 0.

56.404 0.2901
58.380 0.3048
62.49t 0.3061
66.706 0.3075
70.920 0.3089
75.030 0.3101
79.141 0.3113
83.293 0.3127
87 .44s 0.3 14 I
91.514 0.3156
95.584 0.3171

99.695 0.3199

103.806 0.3226
107.958 0.3249
ll2.t10 0.3272
tt6.262 0.3307
t20.4t4 0.3342
t24.567 0.3409

t28.719 0.3475
t32.E70 0.3576

46.228 0.1999
4't.363 0.2156
48.498 0.23t3
50.474 0.2460
52.45t 0.2607

O E ecrimental Data

-Mod¡fi.d 
Funcrion

Do[blc Wcb Arglc Colrl¡.cdor
4ggbqlzg 100 x90 x 13 x292
E93Ð! W530 X92 ì4=708 kN-m

þgþglgi 4325 20 ø
!46úa36

100

E
.a
4eo
2
960
a
Eoo

20

0
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0 0.05 0.t 0.15 0.2 0.25 0.3 0.35
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Figure 4.58 (a) M-0 curve for Thompson: Bl-2 alt b
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Table 4.59 M-{ data for Thompson: Bl-3 alt a (1970)

0
2.782
5.564
7.st6
9.468
11.215

12.963

15.201

17.440
19.308

2t.t77
23.211

2s.245

27.280
29.3t4
31.225

33.300
35.460

0.0002
0.0004
0.0006
0.0007

0.0009

0.0010

0.0013
0.0015

0.0018
0.0021

0.0026

0.0030

0.0036
0.0041

0.004E

0.0057

0.0065

0.0302

0.0341

0.0357
0.0397
0.0436
0.0459

0.0481

0.0521

0.0561

0.0601

0.0641
0.0681

0.o721

0.0755
0.0788

0.0800
0.0809

0.0817
37370 0.0075
39.530 0.0093
41.689 0.0110
43.598 0.0129
45.675 0.0151
47.751 0.0183
48.301 0.0223
48.851 0.0262

56.886
57.O93

57.301

s8.796
60.291
62.449
64.650

66.E50

60

50

7¿oe
2
930

Ero

l0

0

0 0.02 0.ø 0.06 o.o8
Roøtional Deformation (radians)

Fþre 4.59 (a) M-0 curve for Thompson: Bl-3 alt a
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Table 4.60 M-{ data for Thompson: Bl-3 alt b (1970)

Moment, M Rotatioq 0

00
2.7A2 0.0002
5.564 0.0004
7.516 0.0006
9.468 0.000E

ll.2l5 0.0011

12.963 0.0014
15.201 0.0018
t7.440 0.0022
19.308 0.0027
2t.t77 0.0031

23.2tt 0.0039

Moment, M Rotatio4 ô

52.234 0.04 16

53.979 0.0464
54.325 0.0512
54.67t 0.0559
55.017 0.0607
55.363 0.0655
55.709 0.0702
56.055 0.0750

56.159 0.0794
56.262 0.0E37

56.366 0.0881

56.470 0.0924
56.885 0.0973
57.301 0.1021
58.796 0.1058
60.291 0.1095
62.U9 0.1I 15

64.650 0.1125

66.850 0.1134

25.245

27.280
29.314
31.225
33.300

3s.460
37.370

39.530
41.689
43.s98

4s.675
47.751
48.484

49.218

0.0046

0.0057
0.0067

0.0079
0.0091

0.0103

0.0115
0.0135

0.0154
0.0174
0.0197

0.0226
0.0282

0.0339

50
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Ëo30
Eo
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0

0 0.02 0.04 0.06 0.08 0,t
Roøtional Defornation (radians)

Fþre 4.60 (a) M-ô curve for Thompson: Bl-3 alt b
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Table A.6l M-g data for Thompson: D t-l alr a (l 970)

Momen! M Rotatioq 0
kl.I-m

0
2.657

5.315
9.384
13.03E

17.273

19.141

20.762
22.837
24.9t3
27.ts6
29.231

0.0003

0.0006

0.001I
0.0017

0.0026
0.0031

0.0036
0.0044
0.0057
0.0071

0.0087

0.0127

0.0167
0.0192
0.0216

0.0257
0.0298
0.0339
0.0380
0.042t
0.0454
0.0486

0.os26
0.0567

0.0607

Momurt, M Rotatio4 {

40.0n
41.689
46.339
50.491

54.643
58.795

62.a23

66.850
70.878
74.905
79.057

83.209

87.279

91.348
95.501

99.653

30.187

31.142
32-180
33.2tA
33.649

34.081
34.s13
34.944

35.376
36.4t5
37.453
37.681

37.909

38.138

0.0647

0.0678
0.0708

0.0720
0.0733
0.074s
0.0758
o.gnï
0.0782
0.0793

0.0803
0.0823

0.0842

0.0854
0.0866

0.0887
0.0908
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Table 4.62 M-$ data for Thompson: Dl-l alt b (1970)

Moment, M Rotatior¡ {
kl.I-m

00
2.657 0.0003

5.315 0.0006
9.384 0.0013

13.038 0.0021

n.n3 0.0032

l9.l4l 0.0037
20.762 0.0043
22.837 0.0052
24.913 0.0067

27.t56 0.0080

29.23t 0.0095

31.t42 0.0119

32.180 0.0150
33.218 0.0180
33.7s7 0.0223
34.2yt 0.0266
34.836 0.0308

35.376 0.0351
36.4ts 0.0381

37.4s3 0.0410
37.909 0.0436
38.366 0.0461

39.473 0.0494
40.581 0.0526

41.689 0.0559

Moment, M Rotation, 0
ll.I-m ndians

42.104 0.0631
42.31t 0.0666
42.519 0.0702
44.429 0.0736
46.339 0.0769
50.6s6 0.0788
54.726 0.0798
58.795 0.0807
62.823 0.08 17

66.850 0.0827

70.878 0.0838

74.905 0.0848

79.057 0.0861

83.209 0-0873

87.n9 0.0890
91.348 0.0906
95.501 0.0925
99.653 0.09¡t4
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Table 4.63 M-S data for Thompson: Dt-2 alt a (1970)

Moment, M Rotation, 0
kN-m

0
s.149
9.t36
t3.287
16.983

21.094
24j96
29.231
31.225
33.218
35.377

37.s36

39.529

41.522

41.829

0
0.0006

0.00u
0.0018
0.wn
0.0039

0.0054

0.0084
0.0r09
0.0134

0.0167
0.0199

0.0241

o.o28z
0.0324

Moment, M Rotation, 0

58.587
62.864
66.850
70.836

74.968
79.100

83.148
87.197
91.340

0.o734
o.0746
0.0758

0.0770
0.0782

0.0794
0.0806

0.0820
0.0833
0.0852

42.t36 0.0366
42.444 0.0,t07
42.751 0.0449
43.058 0.0491
43 .365 0.0533
43.673 0.057s
43.980 0.06t6
44.287 0.065E
44.594 0.0700
47.751 0.0?rr
51.030 0.0723

95.482 0.0870
99.644 0.0891

r03.E06 0.0911

t00

80
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Table 4.64 M-$ data for Thompson: Dl-2 alt b (1970)

Moment, M Rotatioq {
kl.l-m radians

00
5.t49 0.0006

9.136 0.0011
t3.287 0.0019
16.983 0.0027
2t.094 0.0039

24.996 0.0053
29.23t 0.0079
33.218 0.01t7
35.377 0.0142
37.536 0.0167

39.529 0.0198

41.522 0.0229
41.906 0.0274
42.290 0.03 t 8

42.674 0.0363
43.058 0_0408

43.442 0.0452
43.826 0.0497
44.210 0.0541
44.594 0.0586
45.383 0.0634
46.t72 0.0683
46.962 0.0731
47.75t 0.0779
51.030 0.0797

MomenÇ M
kN-m

54.310

58.587

62.864
66.850

70.836
74.968
79.100
83.14E

47.ß7
9t.340
95.482
99.644

103.806

Rotatioq {

0.0825

0.0836

0.0846
0.0856

0.0867
0.0878
0.0890
0.0902
0.0921

0.0939

0.09s7

0.0975

4
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Figure 4.64 (a) M-0 curve for Thompson: Dl-2 alt b
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Table 4.65 M-$ data for Thompson: Dl-3 alr a (1970)

Moment, M Roøtioq {
kN-rn

0
4.9a3
9.136

13.t22
t7.024
20.762
25.079

29.066
31.t42
31.834
32.526
33.218

34.255

3s.293

0.0005
0.0011
0.0018
0.0028

0.0041

0.0066
0.0095
0.0125
0.0166

0.0207
0.0248

o.0277

0.0305

Moment M Roøtio4 {
kN-m

54.644 0.0807
58.624 0.0818
62.605 0.0828
66.721 0.0840
70.836 0.0851
74.9AA 0.0E63

79.t4t 0_0875

83.169 0.0888
87.197 0.0901
91.349 0.0917
95.501 0.0933

99.653 0.09s6

103.806 0.0979
37.370 0.0343
38.947 0.0390
40.235 0.0418
4t.522 0.0446
42.2t4 0.0484
42.906 0.0s23
43.598 0.0561
44.096 0.0605
44.595 0.0649
4s.093 0.0694
45.591 0-0738
46.090 0.0782
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Table 4.66 M-$ data for Thompson: Dl-3 alt b (l9ZO)

Moment, M Rotatio4 ö
kN-m radians

4.983 0.0006
9.136 0.0013
t3.t22 0.0020
t7.024 0.0029

20.762 0.0042
25.079 0.0071

29.066 0.0104
3t.t42 0.0140
31.661 0.0186
32.180 0.0231
32.699 0.0277

33.2ß 0.0322
34.255 0.0353
3s .293 0.0384
37.370 0.0425

38.159 0.0459

3E.947 0.0492
39.s91 0.0534
40 .235 0.0576
40.878 0.0618
4t.522 0.0660
42.560 0.0686
43.598 0.0712
46.090 0.0734
50367 0.0746

Moment M Rotatio¡L {
kN-m radians

s8.624 0.0768
62.605 0-0778
66.72t 0.0788
70.836 0.0798

74.988 0.0810
79.t41 0.0821

83.169 0.0835
87.1n 0.0849
9t.349 0.0866
95.501 0.0883
99.653 0.0908

103.806 0.0933
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Table 4.67 M-þ data for Thompson: El-l alt a (19?0)

Moment, M Rotâtio4 ö

0
4.027
8.055

12.083

16.llr
t9.993
23.87s
28.235
33.717

37.536
37.764
37.990

38.t42
38.794

39.446
4t.522
43.598
46.920
49.4t1
st.902
52.941

53.979
54.207

54.435
54.664

54.892

0
0.0002
0.0004
0.0007
0.0010

0.0014
0.0017

0.0022
0.0030

0.0038
0.0053

0.0068

0.0108

0.0t36
0.0164
0.0202
0.0239
0_0288

0.0335
0.0381

0.0415

0.0448
0.0494

0.0540

0.058s
0.0631

Moment M Rotatio4 $

58.131 0.0675
61.120 0.0680
68.117 0.0692
75.t14 0.0703
80.594 0.07t2
8ó.075 0.072t
9t.556 0.0730
98.719 0.0746
t05.881 0.0761

ll2.l09 0.0781

118.337 0.0800

tz5 .3t3 0.0832

t29.092 0.0850
t32.870 0.0868
t37.023 0.0893
l4t.l75 0.0929
t43.25r 0.0957
t45.328 0.0984
147.403 0.1021

149.479 0.1058
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Table 4.68 M{ data for Thompson: El-l alt b (1970)

Moment, M RotatiorL 0
kl.I-m radians

4.O27

8.055

12.083

16.11I
19.993

23.875

28.?'35

33.7t7
37.536
39.446
43.598

45.259

46.9?:0

49.4t1
51.902

53.979

54.892
56.51I
58.131

58.131

58.13t
58.131

58.729

59.327

59.925

0
0.0002
0-0004

0.0007
0.0010

0.0014

0.0017

0.0023

0.0031

0.0038

0.0043
0.0057

0.0123

0.0189
o.0234
0.027E

0.0345

0.0403
0.0451

0.0499

0.0556

0.0614
0.067t
0.0737

0.0802
0.0868

Moment, M Rotatio¡\ 0

61.120 0.0999
68.117 0.1014
75.1t4 0.1028
80.594 0.1038
86.075 0.1048
91.556 0.1058
98.719 0.t074
105.881 0.1090
ll2.l09 0.llll
118.337 0.I132
125.313 0.1t66

129.092 0. r 183

ß2.A70 0.1200
137.023 0.1226
l4l.l75 0.t263
145.328 0.1307
t49.479 0.1371
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Figure 4.68 (u) M4 curve for Thompson: El-l alt b
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Table 4.69 M-$ data for Thompson: El-2 alt a (1970)

Momeng M Rotatioq {

0

4.899
9.799

13.909

18.020

21.757

23.335
24.913
n.197
29.481

37.370
39.446

0.0003

0.0006

0.0009

0.0011

0.0014
0.0056

0.0098
0.0t38
0.0178
0.019t
0.0256

Momeng M Rotatioq {

83.335 0.0907
91.431 0.0920
95.542 0.0928
99.653 0.0936
107.126 0.0956
lll.694 0.0967
116.2ß2 0.097E
t20.4t4 0.0995
t24.s66 0.1012
128.718 0.1031
132.870 0.1050

t37.023 0.1080

l4t.l1s 0.1109
145-328 0.n45
l4a.97t 0.1187
152.615 0.1228
157.276 0.1280
161.936 0.1332
166.088 0.139E

164.012 0.t470

4t.522 0.0306

43.598 0.0340
45.675 0.0392
49.826 0.0457
5t 302 0.0528
52.94t 0.0579
53.979 0.0629
54.561 0.0686
55.t42 0-0742
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Table 470 M-$ data for Thompson: El-2 alt b (1970)

Moment, M

4.899
9.799

13.909

18.020

21.7s7
22.458
23.5t0
24.9t3
29.481

35.293

37.370

4t.s22
43.598

47.75r
49.426
50.403
so.979
51.902

53.979
s6.304

61.619

66.934
71.086

7s.239
79.473

Roøtio4 {
radians

0
0.0004
0.0007
0.0010
0.0013
0.0018
0.0038

0.0068
0.0108

0.0168
0.0233

0.0288

0.0351

0.0393
o.0457
0.0491
0.0551

0.0610
0.0630

0.0653
0.0665

0.0680

0.0694
0.0700

0.0705

0.0713

Moment, M Rotation, 0
kN-m radians

91.431 0.0735
95.542 0.0746
99.653 0.0757
105.189 0.0774
110.725 0.0790
116.262 0.0807
t2t.798 0.0836
t27.334 0.0865
ßz.no 0.0894
137.023 0.0936
l4l.l75 0.0977

145.328 0.1014

t48.97t 0.1053
l5z.6t5 0.1091
t57.276 0.It56
161.936 0.1221
166.088 0.n7a
165.050 0.t342
164.0t2 0.1405

160

l,t0

O Expdimcnl¡l Darâ

-Modifrcd 

Funcion

Iloublc Wcù Anglc Col¡t¡ccdon

4!sþS!!s l0O x90 x 13 x292 
^a"Bcam: W530X92 ìl-=?08 kN-ñ -O'

]cncrs:4325 2o Ø' -o(Jüiñiñ¡¡e d
^t20
ùrcl
È80
E
,9 60à

q

20

0

o 0.o2 0.04 0.06 0.08 0.1 o.l2
Rotational Defor¡nation (radians)
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Table A.7 I M-S data for Thompson: El-3 alt a (l 970)

Moment, M Rotatioq 0

0
5.294
10.588

18.435

24.083

30.103

33.799
37.370
39.364
42.021
42.97 5

43.930

45.093

46.255

48.193
50.131

52.069
s3.024

53.979

56.055

0.0003
0.0005
0.0010
0.0016

0.0022
0.0027
0.0034

0.0052
0.0055
0.0109
0.ot62
0.0209

0.0255

0.0300
0.03,14

0.0389
o.0425
0.0460
0.0507

Moment, M Rotation, Q

a3 .626 0.0697
87.903 0.0709
92.t79 0.0720
100.068 0.0736
107.957 0.07s4
tt2.l09 0.0765
tt6.262 0.0776
t20.4t4 0.079t
t24.566 0.080s
l2E.71E 0.0836
132.870 0.0866

t37.023 0.0892

l4t.l75 0.09t8
t45.327 0.0955
t49.479 0.0991

t52.247 0. 104 I
155.015 0.1091

t57.784 0.1I4l
163.841 0.1200

56.747 0.0556
57.439 0.0604
58.131 0.0653
62.740 0.0662
67.349 0.0670
75.072 0.0683
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Table A.72 M-r$ data for Thompson: El-3 alt b (1970)

Momenf, M Rotation" {

0

5.294
10.588

18.435

24.083

30.103

33.799
37.370
38.367
39.364
42.02t
43.930

45.093

46.255
49.162
52.069

53.024

53.979
56.055
s6.747

57.439
58.13r
62.740
67.349

75.072
79.349

0.0003
0.0005

0.0011

0.0017

0.0026
0.0033
0.()042

0.0076
0.0109

0.0r58
0.0205

0.0235

0.0265
0.0321
0.0376
0.0425
o.0473
0.0514

0.0562
0.06r0
0.0658
0.0667

0.0675

0.06E9

0.0694

Moment, M Rotâtiorl 0

87.903

92.179
100.068

lo7.957
I12.l09
tt6.262
tm.4t4
t24.566
128.718

132.A70

t37.023

t4t.t75
145.327

149.479
153.631

r57.784
160.812

163.841

0.0698

0.0708

0.0718
0.0730

0.0747

0.0760
0.vt72
0.0788
0.0804
0.0815
0.0825

0.0862

0.0899

0.0934
0.0968
0.1013

0.1058
0.1114

0.1169
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Table A12 M-rþ data for Thompson: E1-3 alt b (1920)

Moment, M Rotation, ô

0
5.294
10.588

18.435

24.0a3

30.103

33.799

37.370
38.367
39.364

42.02t
43.930

45.093

46.255
49.t62
52.069
s3.024
53.979

56.055

56.747

57.439
58.131

62.740

67.349
75.072
79.349

0
0.0003
0.0005
0.001I
0.0017

0.00.26

0.0033

4.0042
0.0076
0.0t09
0.0158

0.0205

0.0235

0.0265
0.0321
0.0376

0.0425
0.0473
0.0514

0.0562
0.06I0
0.0658
0.0667

0.0675
0.0689

0.0694

Momen! M Rotatio& 0
kl.l-m radians

87.903
92.t79
100.068

107.957

lt2.t09
tt6.262
t20.414
t24.s66
128.718

0.0698

0.0708
0.0718
0.0730
0.0747

0.0760
0.0772

0.0788
0.0804

0.0815
t32.870 0.0825
137.023 0.0862

r4t.t75 0.0899
t45.327 0.0934
t49.479 0.0968
153.631 0.1013
157.784 0.1058
160.812 0.1I 14

l63.E4l 0.1169
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Table 4.73 M-rþ data for Thompson: A2-l alt a (1970)

Moment, M
kN-rn

0

4.484
8.304

10.381

12.457

14.533

16.609

18.685

20.762
22.547
24.332
25.287

26.242

n.ß5
28.069
28.982
32jEg
36.996
41.460

45.923

5t.653
57.384

62.482
66.535
?0.588

74.740

RotatioL 0

0.001I
0.0037

0.0088

0.0139

0.0206
0.0272
0.0334
0.0396

0.0472
0.0548
0.0622

0.0696

o.o770
0.0844

0.0918
0.0939

0.0960

0.0976
o.0992
0.1028

0.1064

0.1133
0.t204
o.t274
0.1336

Momeng M Rotatioq {
kl.I-m r¿dians

82.878
86.863

91.182

95.501

99.653
103.806

107.958

u2.l l0
1t6.262
120.4t4

0.t397
0.1465

0.1533

0.1596
0.1659

0.1713

0.1767

0.1827
0_1887

0.19s2

0.2017
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Table A-74 M{ data for Thompson: A2-l alt b (1970)

Moment, M Rotation, 0
kN-m radians

0
4.484
8.304
l0_381

12.457

16.609

20.762

?2.547
24.332
25.287
26.242
27.155

28.069

28.982
32.989
36.996
41.460
45.923

51.653
57.384

62.482
66.535

70.588

74.740

78.892
82.878

0
0.0015

0.0034
0.0105
0.0176

0.0234
0.0330
0.0413
0.0495
0.05n
0.0599
o.0679

0.0759

0.0839
0.0861

0.0882
0.0895

0,0908
0.0932
0.0955

0.1020
0.1090

0.1159

0.t225
0.1290
0.1350

Moment, M Rotatioq ö
kN-m radians

86.863 0.1410

91.182 0.1473
95.501 0.1s36
99.653 0.1595
103.806 0.1653

107.9s8 0.1723
ll2.1l0 0.t793
tt6.262 0.1871
120.4t4 0.1948
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Figure 4.74 (a) M-0 curve for Thompson: A2-l alt b
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Table 4.75 M-$ data for Thompson: A2-2 alt a (1970)

Moment, M Rotatio¡L 0

0
4.s68
8.803

t3.204
t4.657
16.ll0
18.436

20.762
22.443
24.t24
26j69
29.8t3

0.0007
0.0017
0.0032
0.0096
0.0160

0.0218

o.on5
0.0369

0.0462

Moment M Rotation, ö
kN-m

95.501
99.404
103.307
107.500

1n.694
I16.095
t20.497
124.608

t28.7 t9

30.837

31.861
32_885

0.1455

0.t523
0.1582
0.1640
0.t697
o.t754
0.1817

0.1880
0.t950
0.2020

0.0553
0.06,t4

0.074t
0.0838
0_0935

37.342 0.0953
41.799 0.0970
46.255 0.0988
52.525 0.1009
58.795 0.1029
64.774 0.1060
70.753 0.1091
14.823 0.tt74
78.892 0.t2s1
82.920 0.t322
86j47 0.1386
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Figure 4.75 (a) M-ô curve for Thompson: A2-2 alt a
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Table 4.76 M$ data for Thompson: A2-2 alr b (1970)

Moment, M Rotatioq 0

4.568

8.803

t3.204
16.110

18.436

20.762

22.443
24.t24
26.969

0.0010

0.00T2

0.0036

0.0082

0.0134

0.0185
0.0267
0.0348

0.0426

Moment, M Rotation, {
kl.{-m

29.813 0.0503
30.837 0-0575

99.404
103.307

107.500

tlt.694
116.095

l20.4n
124.608

128.7 t9

31.861 0.0646

32.885 0.0718
37.342 0.0742
41.799 0.0765
46.255 0.0789
52.525 0.0812
58.795 0.0834
64.774 0.0882
70.753 0.0930
74.823 0.t021
78.892 0.lll2
82.920 0.ll8l
86.947 0.1250
91.224 0.t324

0.139E

0.1460
0.1521

0.1586

0.1651

0.1723

0.1795
0.1884
0.1972
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Table 4.77 M{ data for Thompson: A2-3 alt a (1970)

Momen! M Rotation, 0ld.t-m radians

4.153 0.0018
8.470 0.0042
12.373 0.0090
14.49t 0.0166
16.609 0.024t
18.394 0.0324
20.180 0.0406
21.30t 0.0457
22.423 0.0507
23.t70 0.0580
23 .917 0.0653

25.744 0.0743

n51t 0.0834
29.398 0.0924
33.550 0.0939
37.702 0.0955
41.854 0.0970
45.965 0.0986
50.076 0.1001
54.145 0.¡028
58.2t4 0.1054
62.284 0.1081
66.352 0.1164
70.421 0.tu7
74.6t5 0.1314

Moment, M Rotatiorl 0

83.003 0.1/l4l
87.tn 0.1500
91.432 0.1556
95.667 0.1612
99.736 0.1668
103.806 0-t723
107.958 0.1789
tI2.ll0 0.1855
115.847 0.1907
ll9.5E3 0.1958
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Figure 4.77 (a) M-g curve for Thompson: A2-3 alt a
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Table 478 M-S data for Thompson: A2-3 alt b (1970)

Moment, M Rotatior\ 0

4.ts3 0.0021
8.470 0.0049
10.422 0.0124
12.373 0.0198
14.49t 0.0256
16.609 0.0313
18.394 0.0385
20.180 0.0457
21.301 0.0517
22.423 0.0576
23 .170 0 .0672

23.9t7 0.0767

2E.Et7 0.0797
33.7t7 0.0827
37 .78s 0.0843

41.854 0.0858
45.965 0.0879
50.076 0.0899
54.t45 0.0948

58.214 0.0996
62.284 0.1045

66.352 0.1126
70.421 0.1206
74.6t5 0.t278
78.808 0.1350

Moment, M Rotatio4 Q

ld.I-m radians

87.r97
9t.432
95.667
99.736
103.806

107.958

1l2.ll0
I14.601

1t7.092
119.583

0.1418

0.1485
0.I549
0.1612
0.t667
0.t722
o.nn
0.1872
0.1943
0.2014

0.2085
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Figure 478 (u) M4 curve for Thompson: A2-3 alt b
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Table 4.79 M-S data for Thompson: B2-l alt a (1970)

Moment, M Rotation, {

5.065 0.0(M
8.803 0.0018
9.281 0.0036

9.758 0.0055

lr.r90 0.0110

12.623 0.0166
16.775 0.0201
20.927 0.0236
24.997 0.0278
29.066 0.0320

33.218 0.0390

35.501 0.0455

37.785 0.0520
40.oo7 0.0615

42.228 0.0710
48.228 0.0730

54.227 0.0750

59.736 0.0767

65.245 0.0784

70.753 0.0801
76.235 0.0825
8l_7t6 0.0849
a7.t97 0.0873

9r.5r5 0.0920

95.833 0.0967

Moment, M Rotatior\ 0
kN-m radians

LO7.957

1l I.860
115.763

120.t64
t24.566
128.677

132.788

136.E99

141.009

t45.t62
t49.3t4
153.631

t57.949
156.413

154.877

1043

0.lllE
0.1149

0.1180

0.1233
0.1286

0.1330

0.1373
o.t425
0.ßn
0.1552
0.1626

0.1727

0.1828

0.t92s
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Table 4.80 M<þ data for Thompson: B2-1 alt b (1 970)

Moment, M Rotatio4 þ
lù.I-m

00
5.065 0.0008
8.803 0.0014
12.623 0.0025
t6;176 0.0133
18.159 0.0207
19.s43 0.0282
20.927 0.0356
22.837 0.(M15
24.74A 0.0473
28.983 0.0535
33.218 0.0596

35.896 0.0663

38.574 0.0729
39 .792 0.08 12

41.010 0.0894
42.228 0.0977
48.224 0.0995
54.227 0.1013
59.736 0.1028
65.245 0.1043
70.753 0.1058
76.235 0.1082
81.716 0.1105
87.t97 0.tt29
91.515 0.1175

Moment, M

l0l.E95
to7.957
lll.860
tIs.763
t20.164
t24.566
t28.677
132.788

136.899

Rotatio4 þ
radians

0.t220
0.1284
0.1347
0.1391
0.1435

0.1497
0.I558
0.1596

0.1633
0.1695

141.009 0.t756
t45.t62 0.1828

t49.3t4 0.1900

t52.192 0.1973
155.071 0.2045
1s7.949 0.2118
154.A77 0.2176
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Table A.8l M-S data for Thompson: B2-2 alt a (1970)

MomenL M Rotatioq 0
lN-m radians

4.941

8.719
12.788

t3.743
14.698

15.654
16.609

20.76t
24.913
30.062
35.Ztt
36.789

38.367
44.346

0
0.0006
0.0013
0.0023

0.0094
0.0r66
0.0237
0.0308

0.0382

0.0455
0.0530

0.0604

0.0690

o.o776
0.o794

Moment, M Rotatioq 0

t04-22t
108.456

I 12.400

I16.344
t20.455
124.566

128.677

132.788

137.189

141.590

145.659

149.729

153.t54
156.580

0.1078
0.ll15
0.1152
0.1194
o.1235
0-r285
0.1334

0.1386

0.t437
0.1502

0.1567
o.1643

0.1718

0.1805
0.1892

s0.32s 0.0812
54.519 0.0823

58.712 0.0834
62.865 0.0846

67.0t7 0.0858

71.086 0.0873
75.154 0.0887

82.380 0.0936
87.071 0.0969
91.763 0.1002
95.874 0_1040
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Table 4.82 M-S data for Thompson: B2-2 altb (tg7})

Moment, M Rotation, {
liù.I-m radians

4.941 0.0015
8.719 0.0022
t2.788 0.003 I
14.062 0.0097
15.335 0.0164
16.609 0.0230
18.809 0.0282
21.010 0.0334
24.9t3 0.0429
28.858 0.0494
32.803 0.0559

35.211 0.0616
37.370 0.0694
39.528 0.077t
4t .687 0.0849
46.006 0.0861
50.325 0.0873
54.519 0.0884
58.7t2 0.0895
62.A65 0.0906
67.017 0.09t7
71.086 0.0930
75.t54 0.0943
82.380 0.0978
87.07t 0.1004

Moment, M Rotatio4 {
kN-m ¡adi¡ns

95.874 0.1065
99.985 0.1099
lo4.zzt 0.1136
108.456 0.tt72
112.400 0.t223
116.344 0.t273
t22.532 0.1346
LZa.7ß 0.1418
135.154 0.1507
141.590 0.1596
145.659 0.1670

149.729 0.t743
tsz.ot2 0.1818
154.296 0.1892
156.580 0.t967
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Table 4.83 M<þ data for Thompson: B2-3 alt a (1970)

Moment, M Rotatioq +

5.232 0.0004
8.844 0.0010
12.457 0.0023
12.986 0_0046

13.516 0.0069
15.104 0.0137
16.692 0.0206
20.885 0.On2
25.079 0.0338
27.t96 0.0398
29.314 0.0458

34.961 0.0536

40.608 0.0614
42.020 0.0702

Moment, M Rotation, S
kN-m

103.929

108.206

112.483

118.5ó6

t24.649
128.718

132.788
139.058

14s.328
t49.52t
153.715

t53.2U
ß2.n3
152.302

0.1108

0.1179
0-1251

0.1322
0.t377
0.1431
0.1482
o.Is32
0.1623
0.1713

0.t796
0.1879

0.1961

0.2044
o.2126

43.432 0.0790
44.U4 0.0878
51.944 0.0901

59.045 0.0923

64.415 0.0938
69.785 0.0954
75.154 0_0969

80.719 0.0989
86.283 0.1010
9L8n 0.1030

95.750 0_1069
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Table 4.84 M-,S data for Thompson: B2-3 alr b (1970)

Momenq M Rotatio& 0
kN-m

5.232
8.844
t2-457
16.692

19.487

22.283
25.079

29.273
33-467
37.O34

40.608

0.0008
0.00r5
0.00.22

0.0054
0.0125

0.0197
0.0268
0.0332
0.0396

0.0455
0.0513

0.0589

0.0665
0.0738

Moment, M Rotation, 0

103.805 0.1154
107.957 0.1205
ll3.52l 0.1270
119.085 0.1335
t24.649 0.t400
130.836 0.1474
t37.O23 0.ts48
t4t.t1s 0.1610
M532A 0.1671

t49.521 O.t757
t53.715 0.1843

153.00E 0.1893

152.302 0.1942

30.

42.726

44.844
46.615

48.387 0.0812
50.159 0.0885
55.806 0.0901
61.453 0.0918
67.100 0.0934
72.774 0.0951

78.449 0.0968
E4.t23 0_0985

87.985 0.1003

9t.u7 0.1020
95.750 0.1062
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Table A"85 M{ data for Thompson: C2-t alt a (1970)

MomenÇ M Rotatio4 ô
kN-m

0
4.40t
E.1t9
10.58E

12.457

14.513

16.609

20.802
24.996
29.06
33.218
35.294

37.370

0.0003

0.0009
0.0037

0.mó+
0.0115
0.0166

0.0261

0.0355
0.0417
0.0505
0.0557

0.0609

Moment, M Rotation, 0
kN-m radians

t07.957
llz.t09
116.262

122.490

128.7 t9
132.995

t37.271
141.299

t45.328

39.694 0.0675
40.926 0.07 46
42.158 0.0816
43.390 0.0887

50.241 0.0905
55.099 0.0917
59.957 0.0929
6s.438 0.094s
70.9t9 0.0961

77.t06 0.0982
83.293 0.1003

89.355 0.103E

95.417 0.1073

o.t2t4
0.1264
0.1313

0.1408

0.1502
0.1575

0.1648
0.1714
0.1780

144

147.43t 0.1858
149.s34 0.1936

151.638 0.2014
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Table 4.86 M-$ data for Thompson: C2-l alt b (1970)

Moment M

4.401
8.7t9
12.457

16.609

2t.092
24.996
29.066
33.218

37.370

Rotâtioq Ô

radians

0
0.0005
0.0012
0.0020
0.0062
0.0105
0.0148
0.0200
0.0262
0.0338

Moment, M Rotatioq ô

39.694 0.0400
4t.542 0.0454

43.390 0.0507
,t6.816 0.0589
50.24t 0.0670
55.099 0.0682
59.957 0.0693
65.438 0.0707
70.919 0.07m
77.t06 0.0739
83.293 0.0757
89.355 0.0787

95.417 0.0816
101.687 0.0882

t07.957 0.0947

ll2.l09 0.0997

t20.414 0.1104
124j66 0.1163
128.719 0.1221
132.995 0.1298
t37.27t 0.t374
t4t.299 0.1439
145.328 0.1504
148.483 0.1575
151.638 0.1645
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Table 4.87 M-S data for Thompson: C2-2 alt a (1970)

MomenÇ M Rotation, {
kN-m radians

00
4.568 0.0001

8.658 0.0006
12.747 0.0011
13.794 0.0030
t4.842 0.0049

15.892 0.0068
16.94t 0.0087

18.851 0.0136
20.762 0.0184
24.913 0.0249
29.t49 0.0304

33.260 0.0380

37.370 0.0455
39.446 0.0525
41.522 0.0594
44.097 0.0658
46.145 0.0729
48.193 0.0800

50.241 0.0871

54.601 0.0883
58.961 0.0894

65.355 0.0911
71.750 0.0928
77.8t2 0.0948
83.874 0.0967

Moment, M Rotatio& {
kN-m radians

89.521 0.0993
95.168 0.1019
101.562 a.rc72
to7.957 0.1125
ll2.l09 0.tt74
t16.262 0.t223
t20.414 0.1297
124.566 0.1370

128.593 0.t429
132.62t 0.1488
137.355 0.1569
u2.049 0_1649

144.621 0_1703

147.154 0.t757

140

rm

O E pcrimc ¡l Dat¡

-Modifi.d 
Fr¡rlc{id

Doüblc Wcb Anglc Connccdor¡

44s!9ts!æ: 100 x 90 x 13 x 292

Ess!È\r530 X92 Ùl¡=708 kN<n

Þ!@4i 4325 20 ø
Matcriãl: A,l4l

Qtoo
z
t9 so

Ë
É60o

40

m

0

0 0-02 0.04 0.06 0.08 0.r o.t2 0.t4 0.t6 0.¡8
Rotational Deformation (radians)

Fþre 4.87 (a) M-0 curve for Thompson:. C2-2 alt a

oo
o
oo

o

of

ooo 
o ooo

o oo o

I

> 0.8

E 0.6

t
.N 0.4

2 o."

oo

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, þ$,

Figure À87 (b) Eurocode3 Classification of Thompson: C2-2 alt a

i,

i
ii
t)



Table 4.88 M-S data for Thompson: C2-2 altb (1970)

Moment, M Rotation, 0
kN-m radians

00
4.568 0.0005
8.658 0.00rr
t2.747 0.0017
16.94t 0.0030

20.762 0.0075
24.913 0.0125
29.t49 0.0184
33 .260 0.0263
37 .370 0.034 I
39.446 0.0413
41.522 0.0484

44.097 0.0565

47.t69 0.0655

50.241 O.O744

54.601 0.0758
58.961 0.0771
65.355 0.0790
71.750 0.0808
77.812 0.0830
83.874 0.0852
89.521 0.0879
95.168 0.0906

101.562 0.0956
t07.957 0.1006
ll2.l09 0.1069

Mome ,M Rotatio4 0
kN-m radians

1t6.262 0.1132

120.4t4 0.t206
t24j66 0.1279
128.593 0.1356
t32.62t 0.t432
r37.35s 0.t523
142.089 0.1614
143.777 0.1697
t45.465 0.178t
t47.t54 0.1864
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Table 4.89 M<þ data for Thompson: C2-3 alt a (1970)

Moment, M Rotatio¡\ 0

4.900 0.0004
8.86s 0.0013

12.E30 0.0021
t3.775 0.0045
14.720 0.0070
16.609 0.0118
18.643 0.0205
20.678 0.0291

24.9t3 0.0336
29.065 0_0387

33.218 0.0437

37 -370 0.05 14

41.522 0.0591
44.553 0.0656
47.584 0.0720
50.435 0.0798
53.286 0.0875
56.138 0.0953
60.331 0.0965
64.s25 0.0977

70.919 0.0995
75.52A 0.1007

E0.137 0.1018
85.909 0.1037

91.681 0_1055

Moment, M Rotation, 0
kl.I-m

103.E06

108.165

rtz.525
t16.552
120.580

t24.649
t28.719
132.871

t37.023
141.258

145.493

148.317

lsl.l40

0.1093

0.1130

0.1164

0.1t98
0.1253

0.1308
0.1379
0.1/149

0.1535

0.1621

0.1693
0.1764

0.1820

0.1875
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Table 4.90 M{ data for Thompson: C2-3 alt b (1970)

Moment, M Rotation, 0

0

4.900
8.865
12.830

16.609

20.678
24.913
29.065

33.2t4
35.986
38.754
4t.522

0.0005

0.0012
0.0018
0.0039

0.008r
0.0133

0.0187

0.0240
0.0295
0.0351

0.0406

Moment, M Rotatioq 0
IN-m

1t6.552
120.580

124.649

t28.7 t9
t32.871
t37.023
t39.847
t42.670
145.493

t48.317
l5l.l40

44.s53 0.0463

47.s84 0.0520
51.861 0.0581
56.138 0.064r
60.331 0.0671
64.5?.5 0.0700
70.919 0.0715
75.524 0.0727

E0.137 0.0738
85.909 0.0757
91.681 0.0775
97.743 0.0812
103.806 0.0848
108.165 0.0900

0.0951
0.1002
0.1053

0.1106
0.1159

0.1240
0.1320

0.t377
0.1435

0-t492
o.t572
0.1651
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Table A.9l M-$ data for Thompson: D2-l alt a (1970)

Moment, M Rolation, ô
kN-m r¡dians

00
4.318 0.0003
8.637 0.0006
t6.359 0.0030
18.560 0.0062
20.762 0.0093
24.A72 0.013E

28.982 0.0182
33.218 0.0231
37.370 0,0289
39 .446 0.0322
41.s22 0.0355

45.6t5 0.0406

47.75t 0.0443
49.826 0.0479
51.570 0.0520
53.314 0.0561

55.722 0.0606
58.131 0.0651

60.539 0.0695
62.948 0.0740
67.432 0.0746
71.9t5 0.0752
78.185 0.0765
84.455 0.0777
90.393 0.0789

Moment, M Rotâtiorr ô

toz.352
108.372

114.435

n0.4n
t26.684
132.E70

136.566

t40.261
l,+4.109

I 0.0800

0.0814

0.0828

0.0847
0.0865

0.0891

0.0917
0.0955

0.0992
0.1033

147.957 0.t075
l5l.E04 0.1116

ß7.7A4 0.1158

161.936 0_1192
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Table 4.92 M-S data for Thompson: D2-l alt b (1970)

Moment, M Rotatioq ô

0
4.318

8.637
16.359

20.762
24.A72

28.982
33.218

37.370
41.522
45.675

47.751

49.826

50.698
51.570

0.0004
0.0008
0.0057
0.0092
0.01,t4
0.0r96
0.0230

0.0n2
0.0326
0.0380

0.04r3

0.0446

0.0501
0.0555

Momeng M Rotatioq {

114.435

l20.4n
t26.684
ß?..A70

t36.s66
140.261

144.109

147.957

l5l.804

0.07s8
0.oTn
0.o795
0.0821
0.0846
0.0890
0.0933

0.o974
0.1016

0.1057

52.442 0.0610
53.314 0.0664
58.131 0.0671
62.948 0.0677
67.432 0.0684
71.9t5 0.0691

78.185 0.0701
84.455 0.0710
90.393 0.0721
96.331 0.0732
t02352 0.0745

ts4.794 0.1092
157;784 0.tt26
1s9.860 0.1158
161.936 0.1189
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Table 4.93 M<þ data for Thompson: D2-2 alt a (1970)

Moment, M Rotatioq ô
kN-m radians

00
4.t45 0.0003

8.384 0.0009
t2.623 0.0015
13.398 0.0079

t4.173 0.0142
14.948 0.0206
17.855 0.0267
20.762 0.ßn
25.018 0.0362
29.274 0.0396
35.398 0.0455

4l.5ZZ 0.0514

43.556 0.0574
45.591 0_0633

47.625 0.0693
49.660 0.W52
56.77 4 0.0764
63.888 0.0n5
71.003 0.0787
77.190 0.0798

83.376 0.0808
89.895 0.0821
96.4t4 0.0834

102.476 0.0849
108.539 0.0863

Momeng M RotatiorL {

120.580 0.0901

124.773 0.0934
t28.967 0.0967
132.99s 0.1002

t37.OZ3 0.1036
L4t.2t7 0.1063
145.410 0.1090
t49.s2t 0.il30
153.632 0.1170
156.870 0.1230
160.109 0.1290
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Figure 4.93 (a) M4 curve for Thompson: D2-2 alt a
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Table 4.94 M-$ data for Thompson: D2-2 ahb (1970)

Moment, M Rotatiorì, 0
klil-m

00
4.t45 0.0002

8.384 0.0006
12.623 0.0010
14.948 0.0016

17.855 0.0056
20.762 0.0096
22.962 0.Or27
25.t63 0.0158
27 .2t8 0.0 t99
29.274 0.0240
33.322 0.02E4

37.370 0.0328

40.s67 0.0373
43.765 0.0418

46.7t2 0.0466
49.660 0.0513
52.649 0.0569
55.639 0.0625
58.628 0.0681

64.816 0.0693

71.003 0.0704
77.190 0.0716
83.376 0.0727
89.667 0.0741

95.957 0.0755

Moment, M Rotatioq 0

108.539 0.0783
114.559 0.0800
120.580 0.0817
t24.773 0.0834

1?,8.9{t 0.085 I
t32.995 0.0873
137.023 0.0895
t4l.2t7 0.0940
145.410 0_0984

149.52t 0.1019
t53.632 0.1053

156.870 0.1088

160.109 0.1t22
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Table 4.95 M{ data for Thompson: D2-3 alt a (l9ZO)

Moment, M Rotatio4 0
lcN-m radians

4.650
8.554

t2.457
14.533

r6.609
20.762

23.875

26.989
30.103

33.218

35.847

0
0.0002
0.0020

0.0038
0.00E3

0.012E

0.0163

0.0197
0.0230

0.0270
0.0309

0.0359

Moment, M Rotation, {
kN-m

106.089 0.0738
tt2.275 0.0757
ll8.42l 0.0795
124.566 0.0832
128.718 0.0876
t32.87t 0.0921
t37.023 0.0965
141.175 0.1004
145.328 0.tO42
149.480 0.1075
153.632 0.1108

38.477 0.0409

4t.t07 0.0459
42.630 0.0510
44.t52 0.0560
45.675 0.0611
50.1t7 0.0618
54.s60 0.0625
58.587 0.0631
62.6t4 0.0637
68.926 0.0650
75.237 0.0662
81.424 0.0675
47.6t2 0.0688
93.757 0.0703
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Table 4.96 M-$ data for Thompson: D2-3 alr b (1970)

Moment, M Roøtioq {

0

4.650

8.554

12.457

16.609

20.762

26.989

30.103
33.218
37.t62
4t.t07

0.0003

0.0007
0.0010

0.0015

0.0032
0.0084

0.0118
0.0152
0.0204
0.0255

Moment, M Rotatioq Q

ttz.275
I18.421

t24.566
130.795

137.023
139.791

t42.560
t45.328
t49.480

42.630 0.0297

44.t52 0.0338

45.675 0.0380
48.636 0.O42t
51.598 0.0,t61

54.560 0.0502
57.245 0.0558
59.930 0.0613
62.6t4 0.0669
68.926 0.06E5

75.237 0.0701

8t.424 0.O7t2
87.6t2 0.07T¿
93.757 0.0735
99.902 0.0748

o.0765
0.0782
0.0807
0.0831

0.0875

0.0918
0.0965

0.10r2
0.1059
0.1t00

153 .632 0. I l,rc
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Figure 496 (¿) M4 curve for Thompson: D2-3 alt b
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Table A.97 M-$ data for Sommer: Test 2l (1969)

Moment, M Roøtio& {
kl.{-m radians

7.626 0.0031

13.332 0.0053
18.643 0.0076
24.066 0.0106
29.602 0.0140
32.502 0.0171

35.402 0.0201

38.302 0.0232
40.223 0.0270
42.t44 0.0307
44.064 0.0345

45.985 0.0382
,16.889 0.04t2
47.793 0.0442
48.697 0.0472
50.109 0.0506
51.521 0.0539
57.001 0.0547
62.480 0.0555
70.ó15 0.0560
77.507 0.0568
84.400 0.0575

91.706 0.0581

99.013 0.0586
t06.319 0.0592

Momeng M Rotatio¡\ {
kN-m radians

rtr.912 0.0598

n7.505 0.0603
125.413 0.0622
133.322 0.0640
t39.724 0.0667
146.127 0.0,694

ts2.530 0.072t
159.309 0.0755
166.088 0.0789
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Figure 4.97 (a) M4 curve for Sommer: Test 2l
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Figure 4.97 (b) Eurocode3 Classification of Sommer: Test 2l



Table 4.98 M-{ data for Sommer: Test 22 (1969)

Moment, M Rotatioq {

6.2t4 0.0009
12.428 0.0019
18.643 0.0028
26.834 0.0043

35.025 0.0058

43.273 0.0079
51.521 0.0100
57.001 0.0122
62.480 0.0143
67 .94t 0.0 I 84
73.403 0.0224

Moment, M Rotatio4 {
ld.l-m radians

t28.238
r33.322
l40.I0l
146.8E0

t54.225

161.569

166.653

171.738
172.867

171.737

170.607

78.86.t

8t.632
84.400

0.0780
0.0790
0.0799
0.08t3
0.0827
0.08,14

0.0861

0.0879
0.0896

0.0931
0.0957
0.0982

E7.lll 0.0380
89.823 0.0424
9I.650 0.0473
93.476 0.0521
95.303 0.0570
97.t29 0.0619
98.956 0.0667
100.782 0.0716
104.059 0.0740
ttt.743 0.0756
ln.44a 0.0768

o.0265
0.0301
0.0336
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Fþre 4.98 (a) M-$ curve for Sommer: Test 22
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Table 4.99 M<þ data for Sommer: Test 23 (1969)

Moment, M Rotation, O

kN-m

00
8.565 0.0011
16.835 0.0023
24.970 0.0034

33.218 0.0047
4t.465 0.0060
49.6s7 0.0080
57.849 0.0099
63 .328 0.0 r24
68.808 0.0149
73.ss3 0.0188
78.299 0.0726

83.0,t4 0.026s

Moment, M Rotatior\ 0

153.659 0.0?04
163.263 0.0710
t72.8ít 0.0716
18s.296 0.0727
t97.724 0.0738
2to.t52 0.0749
222.581 0.0760
233.3t4 0.0791

244.04a 0.0821

255.346 0.0861
258.t70 0.0885

260.995 0.0909

86.349 0.0304
89.654 0.0344

92.958 0.0383
96.263 0.0422
99.003 0.0462
101.743 0.0502
104.483 0.0542
107-222 0.0582
ll0.l03 0.0626
112.985 0.0670
t23.rs3 0.0681

131.627 0.0688

l40.l0l 0.0694
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Figure 4.99 (a) M{ curve for Sommer: Test 23
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Table A 100 M-þ data for Sommer: Test 24 (1969)

Momeng M Rotatioq 0
l<l.I-m radians

00
8.654 0.0008
15.682 0.0015
22.7tO 0.0021

29.263 0.0027

35.817 0.0033

44.064 0.0041

52.312 0.0048

62.t4t 0.0061
71.971 0.0073
4L236 0.0094
90.501 0.0115

98.749 0.0t47
t06.997 0.0178
tt2.25t 0.0207
117.505 0.0236
123.154 0.0272
128.803 0.0307
131.628 0.0342
134.4s3 0.0377
138.407 0.0414
t42.361 0-0451

146.315 0.0487

t50.270 0.0524
153.942 0.0556
157.614 0.0589

Moment M Rotatio& {
kN-m radians

164.959 0.0653

t67.218 0.0675
t69.47E 0.0697
t78.517 0.0733

188.685 0.0748
198.289 0.0760
2,07.892 0.0772
214.671 0.0787
221.450 0.0801

228.229 0.0837
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Figure 4.100 (a) Md q¡rve for Sommer: Test 24
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Table 4.101 M-$ data for Onuah: Test A0lB (1988)

Moment, M Rotatior\ {
lcl.l-m

5.865

9.773

t4.663
20.s29
25.4t2
30.302
35.186

40.076
45.943

50.826

0
0.0002

0.0004

0.0008

0.0012
0.0015

0.0019
0.0025

0.0030
0.0038

0.0045

Moment, M Roaatior\ ô

90.897 0.0381
92.855 0.0401
96.763 0.0452
101.653 0.0503
104.579 0.0551
108.494 0.0600
112.402 0.0651
115.328 0.0701
118.261 0.0751
l20.2lt 0.0790

s2.784 0.0052

55.711 0.0083

58.644 0.0101

62.55t 0.0121

65.484 0.0142
68.417 0.0162
73.300 0.0181

75.257 0.0204
76.233 0.0223
78.190 0.0240
79.t65 0.0260
82.098 0.0280
83.081 0.0301

84.056 0.0320
86.989 0.0341
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Figure A.l0l (a) M-0 curve for Onuah: Test A01B
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Table A.102 M{ data for Onuah: Test 402 (1988)

Moment M Rotatioq 0

0
5.865

10.748

15.638

2t.503
25.410
30.300
33.232
35.183

3E.115

40.072
43.005

45.938

48.870
50.820
53.753

56.685

60.593

65.483
68.415
69.390

70.373

73.298
76.230
78.188
79.t63

0.0006
0.0012
0.0020
0.0024

0.0032
0.0037
0.0041

0.0046

0.0048
0.0053
0.0060

0.0066

0.0073

0.0079
0.009r
0.0101
0.0120

0.0151

0.0181

0.0219
0.0250

0.0270
0.029I
0.0311

0.0330

Moment, M Rotation, {

81.120 0.0341

82.095 0.0352
84.053 0.0371

85.On 0.0390
86.010 0.0410
86.985 0.0431

88.935 0.0451
89.917 0.0465
90.893 0.0477
91.868 0.0496
92.850 0.0510
93.a25 0.0518

94.800 0.0532

95.783 0.0544
96.757 0.056s
97.733 0.0580
98.7t5 0.0593

99.690 0.0636
100.665 0.0650
102.623 0.0667
103.598 0.0684
104.s72 0.0702
10s.555 0.0713

106.530 0.0729
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Figure .4'.102 (u) M-ô curve for Onuah: Test 402
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Table 4.103 M-$ data for Onuah: Test 403 (1988)

Moment, M Rotation, 0
kN-m radians

4.890 0.0004
9.773 0.0009
t4.662 0.0012
18.570 0.0015
22.478 0.0017

25.4t0 0.0021
30.300 0.0022
35.183 0.0026
41.048 0.0029

45.938 0.0032
50.820 0.0037

55.710 0.0040

60.593 0.0045
62.550 0.0046
65.483 0.0052
67.440 0.0054

68.415 0.0063

69.390 0.0071

70.373 0.0075

7t.348 0.0106

72.323 0.0114
74.280 0.0120

77.2t3 0.0130
79.t63 0.0141
79_t63 0.0151

Moment, M Rotatioq ù

82.095 0.0161
E5.027 0.0170
87.960 0.0181
88.935 0.0191
90.893 0.0201
91.868 0.021r
92.850 0.0220
94.800 0.0231
95.7E3 0.0241

96.757 0.0250

98.715 0.0261
99.690 0.0272

101.648 0.0280

102.623 0.0290
104572 0.0301
106.530 0.0321

t09.463 0.0341

ttl.420 0.0361

114.3s3 0.0380

115.328 0.0400

120.2t0 0.0451

r23.t43 0.0502
125.100 0.0532
t26.075 0.0549

ji80'z
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à40

20
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Figure 4.103 (a) M-ö curve for Onuah: Test .A03

O E)pcrftrcrf¡l DÀt¡

-Modi6d 
Fu¡rcl.ior¡

Douùlc Wcb A¡glc Collnccdo!
Anclc Sizc: 100 x 100 x 12 x 390

Eg¡q;W460X t2 Lt-549 k¡¡.¡n

&eE!E:4325 M20 ø
@E¡s!:Gf}.2!-M

I

è
E o.¡

ã 0.6

à
EI
.! 0.4

2o.,

0 0.05 0.1 0.r5 0.2 0.25 0.3 0.35
Normalized Rotatio4 fl{,

Figure 4.103 (b) Eurocode3 Classification ofOnuah: Test 403



Table 4.104 M-$ data for Onuah' Test 404 (1988)

Moment, M Rotatio4 g

0

53.753

55.711

56.686
57.66t
58.643
59.618
60.594
6l.576
63.526
63.526
65.4a4

0.0074

0.0076
0_0080

0.0084

0.0085
0.0087
0.0092
0.0097
0.0101

0.0u1
0.0120

Ivfoment M Rotatio& 0

88.940

89.922
90.E97

9t.873
92.855
93.830
93.831

94.806
95.788
95.789
96.764

96.764

97.739

97.739
98.722

99.697

t00.672
101.648

102.623

103.598

66.459 0.0130

69.392 0.0140
70.374 0.0150
72324 0.0 16 I
73.299 0.0169
74.282 0.01E0

76.232 0.0211

78.190 0.0240
80.14E 0.0n0
82.098 0.0280
83.081 0.0301

85.031 0.0312
86.014 0.0376
86.989 0.0389

0.0393

0.0407
0.0424
o.0440
0.0453

0.04'75

0.0487
0.0500
0.0509
0.0520
0.0541

0_0548

0.0581

0.05E2

0.0601

0.0611
0.0634

0.0657

0.0679
0.0695

0.0711
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Fþre 4.104 (a) M{ curve for Onuah: Test A04
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Table 4.105 M-þ data for Onuah: Test A'07 (1988)

Moment, M Rotation, {

0

4.890

9.773

14.664

19.546

22.479
24.437

27.370
28.346

29.321

30.304
31.280

0.0005

0.0010
0.0013

0.0015
0.0018
0.0018

0.0022
0.0028

0.0028

0.0035
0_0051

Moment, M Rotatio4 {

5s.7r2 0.0t61
59.620 0.0180
62.552 0.0201
66.460 0.0221
70.375 0.02¿rc

74.2A3 0-0261

76.233 0.0282
80.148 0.0301

82.099 0.0321
85.031 0.0340
86.989 0.0361

88.939 0_0380

90.897 0.0401
92.855 0.0420
94.805 0.0441
96.763 0.0461
98.720 0.048 I
99.696 0.0501
to2.6z8 0.0520
to4.579 0.0541

t06.536 0.0560

108.494 0.058r
tt0.444 0.0601

tl3 .377 0.062 I
114.360 0.0629

32.257 0.006 I
33 .239 0.0062
34.208 0.0066
35.183 0.0072
36.166 0.0088
37.t4t 0.0095
38.[6 0_0100

39.099 0.0102
40.074 0.0105

41.049 0.0107
42.024 0.01I l
44.956 0.0120
47.8E9 0.0131

48.872 0.0133
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Fþre 4.105 (a) M4 curve for Onuah: Test 407
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Figure Al05 (b) Eurocode3 Classification of Onuah: Test 407



Table A.l06 M-þ data for Onuah: Test .A08 (1988)

Moment, M
liù.I-m

5.865

9.773

15.638

t9.546
25.412
30.302

34.210
37.t43
42.026

43.009
45.943

49.846

57.66t
6t.s76
66.459

69.392
74.282
79.165
84.055

88.938
91.870

94.803

97.736
100.669

t02.626

Rotatioq 0

0
0.0004

0.0007
0.0010

0.0012

0.0016
0.0019

0.0023
0.0028

0.0031

0.0033
0.0049

0.0070

0.0091

0.01I I
0.0130
0.0151

0.0171

0.019r
0.021I
0.0231
0.0250

0.0272
0.0290

0.0313
0.0330

Moment, M Rotâtior\ {

105.559

t07.509 0.0371

t09.467 0.0390
llo.uz 0.0412
112.400 0.0431

113.375 0.0450
116.308 0.0471
lt7.29t 0.0492
118.266 0.0511

120.216 0.0531

t2t.t99 0.0551
122.174 0.057I

124.t32 0.0591

t25.107 0.061I
t25.107 0_0631

tn.065 0.0652
128.033 0_0670

129.991 0.069r
130.966 0.0711
t32.923 0.0730
133.89E 0.0752
t34.873 0.0772
t36.831 0.0792
137.806 0.0810
139 .763 0.083 I
140.738 0.0843
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Fþre 4.106 (a) M-g curve for Onuah: Test 408
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Table Al07 M-,$ data for Onuah: Test Al0 (1988)

Moment, M RotatiorL {

00
2.606 0.001I
5.216 0.0021

7.822 0.0033

n.4n 0.0046
12.383 0.0062
13.034 0.0071
14.339 0.0080
14.990 0.0090
16.291 0.0 l0 I
18.246 0.Ot22
18.896 0.0143

t9.546 0.0151

20.201 0.0190
20.851 0.0231

20.851 0.0241
20.851 0.0250
22.156 0.0262
22.807 0.0302
23.457 0.0321
23.4s7 0.0341

z4.tt2 0.0361

24.762 0.0382
25.412 0.0422
2s .412 0.044 I
26.067 0.0462

Moment, M Rotation, ü
lù.I-m ndians

26.7t8 0.0502
26.718 0.0s22
27.368 0.0541

28.018 0.0561

2E.018 0.0582
24.673 0.0602
?,8.673 0.0623

29.323 0.0643

29 .323 0.0662
29.973 0.0683
30.629 0_0703

30.629 0.0722
31.279 0.0741

31.279 0.0760

31.279 0.0782
31.929 0.0800
32jU 0.0821
33 .234 0.084 I
33.234 0.0860
33.884 0.0880
34.540 0.0900
35.190 0.0921

30

Êt
èt20

0)

l0

0 0.0r o.o2 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Rotational Defomntion (radians)

Figure 4.107 (a) M-ô curve for Onuah: Test Al0

O E pcritncrf¡l Dala

-Modificd 
Functior¡

Iloühlc Wcù Anglc Coûrccdor
4qg¡gs¿ei 100 x 100 r 8 x 230
Bcrm: W3l0 X 52 ùL=251Lò¡-fn
Fasrcncrs: 4325 M20 Ø
Mårcriat Gl0.2l-M

0 0.05 0.1 0.15 0.2 0-25 03 0.35
Normalized Rotatiorç fl{o

Fþre 4.107 (b) Eurocode3 Classification of Onuah: Test Al0



Table A 108 M{ data for Onuah: Tesr Al I (1988)

Moment, M Rotation, ù
ld.I-m

0
2-605
4-56t
7.421
t0.426
t2.382
14.337

15.642

t5.643
16.293
t6.295
t7.595

t8.246
19.546

22.156
23.456
23.4s6
24.Ltt

0
0.0007
0.0012
o.0022
0_0028

0.0037

0.0044
0.0047

0.0060
0.00ó4

0.0088

0.0094

0.0099

0.0105
o.0122
0.0133
0.0151
0.0161

Moment, M Rotatiorq {

24.67 L

29.321

30.626
31.277
32.582
33.232

33.882

33.8E2

35.1E7

35.837

o.0262
0.0280
0.0302

0.032t
0.0342
0.o372
0.0401

o.0427
0.0451

u.76t 0.0174
24.76t 0.0182
2s.4tt 0.0192
26.066 0.0202
26.7t6 0.0210
27.366 0.0221
27.366 0.0230
28.671 0.0240

36.492 0.0474
37.t43 0.0501

38.443 0.0525

39.098 0.0551
39.098 0.0575
39.748 0.0600
40.398 0.0626
41.053 0.0633

JO

ù
è9

. 620

l0

0 0.0r 0.o2 0.03 0.04 o.o5
Roøtional Deformation (radians)

Fþre 4.108 (a) M<þ cuwe for Onuah: Test Al I

O Erycrimcûtr¡ D¡l¡

-Modiñcd 
Fur¡ciion

Doùùlc ll,cb A¡¡gl. Colrn.cúon
4!gþ.j$Us 100 x 100 x 12 x 230

Eg!Ë W3l0 X 52 Þl¡-251 lcN+¡

&4es. Ât25 M20 ø
M¡rc¡i¡t G,f)-21-M

I

è
E o.s

É

ã 0.6

!
.N 0.4

E 0.,

0 0.05 0.1 0.15 0.2 0.2s 03 0.35
Nonnâlized Rotatio¡f 0/0p

Fþre 4.108 (b) Eurocode3 Classification of Onuah: Test All



Table .4'.109 M<þ data for Onuah: Test 413 (1988)

Moment,M
kN-m

0
2.933
4.892
7.826
8.802

9.778
1o.753
11.737

12.706
13.681

t4.664
15.639

r6.6t4
t7.597
18.572

t9.547
20.530
21.506
22.482
23.465

24.U\
25.4t6
26.392
n368

Rotation, 0
radians

0
0.0004
0.0024

0.0032

0.0042

0.0050
0.0052

0.0064

0.007I
0.0086
0.0094
0.01l7

0.0136

0.0r62
0.0200
o.o22t
0.0261

0.0338

0.0380
0.0442
0.0512
0.0558
0.0656

0.0773

20
ã
z

ãlo

0 0.0t o.02 0.03 0.04 0.05 0.06
Rotational Deformation (radia¡s)

Figure 4.109 (a) M4 curve for Onuah: Test Al3

O E)çc¡im€rral D¡l¡

-Mod¡6cd 

Functior

Itoûùlc W.b Antlc Connecdo¡

lugþSlrq!00xl00xExæ0
E!!¡É W.160 X 82 LL=549 kN-¡n
FanÊr¡cß: Al2J M20 ø
!&&d!L G40.2I-M

I

> 0.8

:{
I
b 0.6

!
.N 0.4

á

2o.,

0 0.05 0.1 0.15 0.2 0-25 0.3 0.35
Normalized Rotation, ø0p

Figure .{.109 (b) Eurocode3 Classification ofOnuah: Test Al3



Table ,A'.110 M<þ data for Onuah: Test Al4 (l9SB)

Moment, M Rotatior\ {
kN-m radians

2.934 0.0005
4.892 0.0009
5.867 0.0009
7.a25 0.0014
9.775 0.0020
1t.732 0.0025
14.66 0.0035
17.599 0.0043
19.549 0.0052
20.53t 0.0053
21.s06 0.0056

22.482 0.0062

23.465 0.0065
24.440 0.0069
26390 0.0080
28.349 0.0088
29.324 0.0093
30.307 0_0104

3t.276 0.0tr0
32.2s1 0.0120
34.208 0.0131

35.t84 0.0142

Momenq M Rotation, {

39.100 0.0215
41.050 0.0223
43.008 0.0233
$.9a3 0.0251

44.958 0.0272
45 .941 0.03 I I
46.916 0.0330
47.892 0.0412
48.875 0.0430
49.851 0.0472
50.826 0.0481

51.809 0.0490

51.809 0.0501
52.7U 0.0520
52.785 0.054 I
53.760 0.0561
54.742 0.0621
55.7tt 0.0641
56.686 0.066I
57.661 0.0686
s8.643 0.07il
59.61E 0.0720

50

É,40

ù
Ë30
E

>20

36.t67
36.168

37.143

0.0151
0.0171

0.0180

0 0.01 0.02 0.03 0.04 o.o5 0.06
Rotational Ddonnation (radians)

Fþre A.l l0 (a) Mlþ curve for Onuah: Test Al4

O Erycrim.nlsl Dat¡

-Modified 
Fu¡rctiotr

DoEble Wcù Anglc Con¡ecdon
Andc Sizd 100 x 100 x 12,(An0
Bcåm: W¿160 X t2 lvl.=549 kN.r¡
F¡rcncß:4325 M20 ø
M!r.ri¡l: G{r.21-M

I

¿
È o.¿

Ex 0.6

¿
!
.! 0.4

2o.,

0 0.05 0.r 0.15 0.2 0-25 0.3 0.35
Normalized Rotatior¡ fl{"

Fþre A.l l0 (b) Eurocode3 Classification of Onuah: Test Al4



Table A.l1 I M-S data for Onuah: Test 415 (1988)

Moment, M Rotatioq 0
kN-m radians

2.933

5.865
7.423

10.748

13.681

r5.639
18.571

21.505

23.462
25.4t3
27.371

30.304

32.254
34.2t2
36.170
38.121
36.166

37.t41
38.116
40.074

41.049
43.007

44.957

0
0.0002
0.0004
0.0007

0.0010

0.0012
0.0015
0.0017

0.0023

0.0022
0.0026
0.0030

0.0033

0.0037
0.0044
0.0047

0.0055
0.0066

0.0082

0.0091

0.0099
0.0110
0.0173

0.0181

Moment, M Rotatio4 0

49.A47 0.0208
50.a22 0.0215

51.805 0.0221
52.780 0.0240
53 .1 56 0.027 I
57.663 0.0280
59.621 0.0300
61.579 0.0320

62.554 0.0351
67 .U5 0.0421
69.395 0.0440
70.37E 0.0461

73.303 0.0500

74.286 0.0521
76.236 0.05,+0

77 .219 0.056 I
79.169 0.0580
80.152 0.0601

81.127 0.0621

83.085 0.0651

86.011 0.0701
88.936 0.0741
92.85t 0.0782
94.801 O.O797

70

Eo
v50

Ëooo
À30

46.915 0.0190
47.a90 0.0200

l0

0

0 0.0t o-02 0.03 0.04 0.05 0.06 0.07
Rotational Defomation (radians)

Fþre A.l I I (a) M4 curve for Onuah: Test Al5

O E e6itn6t¡l D.tr

-Modificd 
Funclion

Iroùtl. Wcb A¡Elc Coû.cdo¡
luslelsizg 100 x l(xr r l0x3l0
Bcdí: W460 X 82 ùl¡-549 kN-¡¡
Falcncrs:4325 M20 ø
MsE!s!: olo.zl-M

I

è
> 0.s

:å
I
ã 0.6

'E

.s 0.4

2 0.,

0 0.05 0.1 0.¡5 0.2 0.23 0.3 0.35
Normalized Rotation, 0/0p

Fþre A. I I 1 (b) Eurocode3 Classification of Onuah: Test Al 5



Table A I 12 M-g data for Onuah: Test A16 (1988)

Moment, M Rotâtior\ 0
ld.I-m radians

3.9r0
6.520
9.t21
r4.331

t4.242
22.t52
24.673
35.184
39.095
43.006
44.317

46.918

48.224

50.821

49.521

52.t31
53.432

56.032
54.642

6t.252
63.852
65.163

65.r63
66.463

0
0.0003
0.0004

0.0006

0-0008

0.0010
0.0013
0.0016
0.0021

0.0025
0.0030
0-0034

0.0038

0.0041
0.0052

0.m61
0.0072
0.0083
0.0091
0.0100

0.01I I
0.0121
0.0130

0.0140

0.0151

Mometrg M Rotation, 0
kl.l-m radians

70.374 0.0lEl
72.984 0.0190
74.284 0.0210
75.584 0.0221
76.885 0.0230
78.195 0.0241
79.495 0.02s0
80.795 0.0261
80.795 0.027I
82.106 0.0290
83.,106 0.0300

84.706 0.0321

86.017 0.0340
89.928 0.0403
9L228 0.042t
92.529 0.0440
95.139 0.0460
96.440 0.0481
97.73t 0.0501

100.341 0.0551

102.951 0.0575
105.551 0.0625
108.161 0.06s1
lt0.77t 0.0672

^80
z
v60

Ë40

m

67.763 0.0160

0 0.01 0.02 0.03 o.o4 o.o5
Rotational Defomation (radians)

Fþre Al12 (a) M<þ cuwe for Onuah: Tesr 416

O E)pcrimcnt¡l DÂtå

-Modi6cd 
Furction

Iror¡bIc Wcb .A¡lglc Cormccdo¡
AÍelc Sizc t00 x l(X) x l0 x 390
Ese!È. W6t0 X l0l 14=&70 tù¡-m
F¿srcæ¡s:4125 lÍ10 Ø
Ma.ri¡t G,l{).2r-M

I

è
E o.¡

it)

ã 0.6

à€
.N 0.4

2 o-t

0 0.05 0.r- q.t5 0.2 o.zs 0.3 0.35
Normalized Rorario4 flfu

Figure A.l 12 (b) Eurocode3 Classification ofOnuah; Test A16



Table A.l 13 M{ data for Onuah: Test Al8 (1988)

Moment, M Rotatio4 0
kN-m

0

5.2t0
10.430

16.941

22.t51
27.372
3t.282
35.183
39.093

43.004

46.9t4
49.525

s2.t36
56.036
59.948

63.851
66.462
69.072
7t.672
74.282
76.882
78.193

E2.103

86.013

88.614

9t.224

0
0.0001

0.0003

0.0005
0.0008
0.0010
0.0012

0.0014
0.0017

0.0018
0.0023
0.0024

0.0028

0.003 t
0.0041
0.0051

0.0075
0.0081
0.0090

0.0095
0.01l5
0.0140
0.0150

0.0I71
0.0180

0.0191

MomenÇ M Rotation, ô
kN-m radians

95.134 0.0210
96.434 0.0220
99.045 0.0231
100.345 0.0240
102.955 0.025 I
tu.255 0.0260
105.555 0.0270
106.E66 0.0280
t08.166 0.0291
108.166 0.0291
109.,166 0.0301

tt2.o76 0.031I
tt3.377 0.0320
115.987 0.0332
115.987 0.0340
118.587 0.035r
119.897 0.0360
l2l.l98 0.037t
123.808 0.0381
125.108 0.0390
126.408 0.0401
t27 .7 t8 0.04 I I

t20

t00

.g
fl80

960
o
>40

20

0
0 0.01 0.02 0.03 0.04

I{otational Ddonnâtion (radians)

Figure A. I I 3 (a) M4 curve for Onuah: Test Al 8

O E pcrim.rr¿¡ Dat¿

-Modifiêd 
Func-tioo

Doublc lücù Angl. Cor¡.G{orr
44gbS!ZÊ: 100 x 100 * l0 x390
Bcrm: W6l0 X l0l ùl^=&70 kN.rr
Fârêrêîs: 4325 lvflo ø
M¡rrfial: G¡O.2l-M

0 0.05 0.1 0.15 0-2 0.25 0.3 0.35
Normalized Rotatio4 0/0Þ

Fþre A.l 13 þ) Eurocode3 Classification of Onuah: Test Al8



Table A.l 14 M-{ data for Onuah: Test Al9 (1988)

Moment, M Rotatior\ 0
kl.I-m radians

2.6t0 0.0002
6.520 0.0003
9.t2t 0.0005
13.031 0.0007
16.942 0.0009
20.852 0.0011
24.763 0.0014
31.283 0.0017
36.494 0.0019
4t .704 0.0020
46.9t5 0.0024

50.825 0.W27
56.036 0.0028

6t.256 0.0030
65.t67 0.0034
71.678 0.0038
75.588 0.0041
84.701 0.0050
97.732 0.0080
t13.372 0.0110
123.803 0.0140
130.314 0.0170
136.E34 0.0191
t42.04+ 0.02 I I
14E.565 0.0230

Moment, M Rotatio4 0

1s3.775 0.0250
157.685 0.0261

161.596 0.0281

164.196 0.0291

165.506 0.0301
168.106 0.0310
169.4t7 0.0320
t70.7t7 0.0330
l72.Ot7 0.0340
t74.627 0.0350
0.000 0.0000

0.000 0.0000

0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000
0.000 0.0000

It0

¡60

l,to

it202
t9roo
Ë
Ëroo
Eeo

20

o

0 0.01 0.02 0.03
Rotational DdoÍnation (radians)

Figure À I 14 (a) M4 curve for Onuah: Test Al9

O Expcrimñt¡l Dalâ

-Modifcd 
FunCioo

Do¡ùlc Ulcb AnSlê CoD¡.cdon
Andc Size 100 x 100 x 12 x 470

Eg!Ë.W6l0X tol lvfD-e7o kN{ll
Fâsrcrcrs: 4325 M20 ø
Marcriât G40.21-M

I

è
> 0.8

ä 0.6

'El

.! 0.4

Ê o.,

0 0.05 0.1 0.t5 0-2 0.25 0.3 0.35
Noûnalized Rotatio4 0/0p

Fþre A.l 14 (b) Eurocode3 Classification of Onuah: Test Al9
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Table A. I I 5 M-S data for lVarl ey A-11 4-1 (1982)

Moment, M Rotatioa {
kN-m

0

0.200

0.400
0.651

0.902

1.t52
1.403

t.620
1.837

2.O77

2.317
2.556

2.796

3.081

3.367
3.560

3.754
3.960
4.063

4.165
4.268
4.371
4.554

4.782
4.839
4.896

0
0.0002
0.0003

0.0007
0.0010
0.0014

0.0018
0.0023
0.0027
0.0033
0.0039
0.0045

0.0050

0.0060
0.0070
0.0081

0.0092

0.0106

0.0117

0.0128
0.0139
0.0150

0.0169
0.0187

0.0200

0.0213

Moment, M Rotatio¡ì, {
ll.I-m radians

5.078 0.0253
s.tn 0.0271
5.193 0.0284
5.239 0.0297
5307 0.0314
5376 0.0331

5.444 0.0347
5.5t3 0.0362
5.570 0.0379
5.627 0.0395
5.695 0.O4t4

5.764 0.0433

5.764 0.0433

Y¡

fz
I

0

0 0.0t 0.o2 0.03 0.04
Rotational Defomation (r¿dians)

Fþre A. I 15 (u) M{ curve for Marþ; A-ll4-l

O E pcritnênt¡l Dal¡

-Modifcd 
Furdion

Top ¡rd Sc¡t Anllc Co¡ùrecdon
A¡dêS¡zc: 100x 100x6x 125

EslE Wl30 X 24114-47|d{{¡r

Þ!@gEi 4325 20 ø
MgEr¡g! cao.2t

I

è
Þ o.s

{
o)

ä 0.6

à
.É

.! 0.4

20.,

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotâtion, 0/0p

Figure A.ll5 (b) Eurocode3 Classification ofMarley: A-l/4-l



Table A. I I 6 M-g data for Marl ey: A-t/4-2 (1982)

Moment, M Rotatioq 0

o.t79 0.0002
0.358 0.0003

0.537 0.0005
0.753 0.0009
0.969 0.0013
t.t45 0.0016
lsm 0.0019

Moment, M Rotatio4 Q
kN-m radian<

1.830

1.997

2.237

2.477
2.67 L

4.523 0.0166
4.5E4 0.0173
4.64s 0.0181
4.696 0.01E9

4.747 0.0198
4.799 0.0206
4.E50 0.0214

o.0022
0.0027
0.0031

0.0036

0.0043

0_0049

0.0055
2.865 0.0061
3.104 0.0072
3.343 0.0082
3.473 0.0090
3.603 0.0097
3.733 0.0105
3.858 0.0112

3.983 0.0119
4.109 0.0130
4.234 0.0140
4.348 0.0149

4

â
4z
ê9
2
É.
o
¿

0 0.0t
Rotational Ddormation (radiam)

Fþre 4.1 16 G) M4 curve for Marley: A-Il4-2

O E pcri¡n rt¡l Dar.¡

-ModifiÊd 
Function

Top ¡nd Se¡t.A¡[8lG Co ¡ecdo!
Anslc Sizc: l00x l(X) x6 x 125

Egs!È. Wl30 X 24 À4-47 kN-m

&g!eG ¡!t25 20 ø
Mdcri¡l: c,O.2l

I

¿
È o.t

g
ä 0.6

.cl

.! 0.4

2 0.,

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, gfto

Fþre A.l16 (b) Eurocode3 Classification of Marley: A-ll4-2



Table A. I 17 M{ data for Marley: B-1/4-l (1982)

Moment, M Rotatior\ 0

0.T¿t 0.0000

0.443 0.0000

0.664 0.0000

0.910 0.0001

1.t57 0.0001

1.403 0.0003
1.649 0.0005

1.870 0.0009

2.091 0.0012
2.263 0.0013

2.435 0.0014

2.595 0.0017

Moment, M Rolâtiorl 0

4-551 0.0098

4.625 0.0104
4.699 0.0110

4.773 0.0116

4.A47 0.0t22
4.890 0.0129
4.933 0.0136

4.976 0.0t42
5.019 0.0149

5.069 0.0157
5.118 0.0165

5.t67 0.0173

2.755 0.0019

2.952 0.0023
3.150 0.0026

3.297 0.0030

3.444 0.0033

3.559 0.0039

3.673 0.0045

3.788 0.0051

3.9t2 0.0058
4.035 0.0064
4.183 0.0071
4.330 0.0078

4.404 0.0085

Ez"Èr"
2
c

Rotâtional Deformation (radians)

Figure A.l 17 (a) M-Q curve for Marley: B-1/4-l

O ErQcrir¡rc¡trl D&ta

-Modiñcd 

Funclion

Top end Scd Angle Comædon

4!gbs!zçi 100 r< 100 x 6 x 125

Es!a: Wl30 X 24 14=47 kN-E
F rcr€rs: A32J 20 ø
U@¡sh G40.2t

I

> 0.8

ä 0.6

.cl

.N 0.4

2 0.,

0 0.05 o.l 0.15 0-2 0.25 0.3 0.35
Normalized Roøtion, fl{n

Fþre 4.117 þ) Eurocode3 Classification of Marley: B-l/4-l



Table ,A. I l8 M{ data for Marl e.¡: B-l/4-Z (t982\

Mome ,M Rotatioq Q

0
0.197

0.394
0.591

0.788

1.008

t.229
t.M9
1.678

1.906

0.0001

0.0002
0.0002

0.0003
0.0005
0.0007
0.0009

0.0013
0.0017

Moment, M Rotatio4 {
*ù.{-m

2.134 0.0021
2.339 0.0031

2.545 0.0040

2.727 0.0055
2.9tO 0.0070
3.047 0.0082
3.183 0.0095
3.320 0.0107
3.469 0.0123
3.617 0.0139
3.739 0.0rs3
3.861 0.0168
3.983 0.0182
4.067 0.0193
4.151 0-0204
4.234 0.02t5

4.462
4.538
4.615
4.69t
4.782
4.873
4.976
5.O79

0.0230

0.0245
0.0256
0.0267
0.0278

0.0291
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0.0313
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Figure A I l8 (a) M4 curve for Marleyi B-ll4-z
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Figure A.l 18 þ) Eurocode3 Classification of Marley.. B-l/4-Z



Table A I 19 M-S data for Marley: Cl'll4-z (1982)

Moment, M Rotation, ù

0
0.255
0.510

0.765
0.993

1.222

r.461

1.700

1.940

2.180
2.408

2.636

2.784

2.933
3.t04
3.276
3.458
3.640

3.777
3.914

4.074

4.234
4.371

4.508

4.622
4.736

0.0001

0.0002
0.0003
0.0006
0.0008
0.0011

0.00r4
0.0017

0.0019
0.0024

0.0029

0.0033

0.0036
0.0045
0.0054
0.0067
0.0080

0.0098
0.0115

0.0I33
0.0150

0.0168

0.0185

0.0201

0.02t7

Moment, M Rotatioq $
kN-m ¡adians

5.033 0.0254
5.t24 0.0274
5.2t6 0.0293
5.284 0.0315
5.353 0.0337
5.433 0.0356
5.513 0.0374
5.547 0.0393

5.581 0.O4t2
s.627 0.0433
5.673 0.0453
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Fþre A. 1 I 9 (a) M4 curve for Marley i Cl-ll4-z
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Table A. 120 M-{ data for Marl ey: CZ-l/4-t (t982)

0.225
0.449
0.674
0.9t7
1.160

1.403

1.60r
1.799
t.997
2.271
2.545

2.727

2.9t0
3.093
3.276

4.725
4.828
4.965
5.102
5. t81
5.261

5.307
5.353

5.410
5.467
5.524
5.581

5.627

s.673
5.752
5.E31

0.0258
0.0274
0.0290
0.0304

0.0318
0.0331

0.0343
0.0364
0.0384
0.0400
0.04t5

0.0433

0.0450
0.0473

0.0495
3.458 0.0077
3.fl0 0.0091
3.755 0.0107
3.870 0.0t22
3.995 0.0141

4.120 0.0160
4.246 0.0178
4.371 0.0196
4.497 0.0210
4.622 0-0224

5
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Fþre 4.120 (a) M4 curve for Marley: C2-ll4-l
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Figure 4.120 (b) Eurocode3 Classification of Marley: C2-l/4-1



Table A.l2l M{ data for Marþ; C2-l/4-2 (1982)

Moment, M Rotatio[ 0
kl.¡-m

0.239

0.477

o.7 t6
0.954

1.193

t.432
t.670
1.898

2.t26
2.308

2.4A9

0
0.0002

0.0003
0.0005

0.0008
0.0010
o.0014

0.0017

o.0022
0.0026
0.0033

0.0040

Mom€nt, M Potatio& 0

4.558 0.0242
4.695 0-0256
4.831 0.0269
4.933 0.0285
5.036 0.0300
5.n5 0.0313
5.t94 0.0326
5.274 0.0341

5.354 0.0355
5.411 0.0370
5.46E 0.0384

5.547 0.0401

5.627 0.0417
5.672 0.0432
s.717 0.0446
5.763 0.0459
5.808 0.0472
5.854 0.0492

2.649 0.0045

2.808 0.0050
2.967 0.0058
3.t25 0.0066
3.284 0.0082
3.444 0.0097
3.558 0.0l l l
3.672 0.0t25
3.762 0.0140
3.853 0.0155

3.967 0.0169

4.081 0.0183
4.183 0.0196
4.286 0.0208

5
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Figure A.l2l (a) M-0 curve for Marley: C2-ll4-2
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Table A.l?2 M-g data for Marley: Dl-t/4-l (I9S2)

Moment, M Rotatioq 0
kN-m radians

0.269
0.538
0.729
0.92t
t.t12
1.318

1.524
1.730
2.005
2.240
2.556

2.831
3.037

3.243

0
0.0005
0.0010
0.0013
0.0015

0.0018
0.0022
0.0027
0.0031

0.0037

Moment, M Rotation, û

s.t79 0.0287
5.282 0.0304
5.385 0.0321

5.488 0.0337
s.558 0.0353
5.627 0.0369

0.0042
0.0049

0.0055

0.0063

0.0070
3.461 0.0084
3.678 0.0097
3.861 0.01ls
4.044 0.0133
4.205 0.0150
4.366 0.0167
4.503 0.0184
4.64t 0.0201
4.7s6 0.0219
4.870 0.0236
4.973 0.0253
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Figure A. 122 (a) M-S curve for Marley: Dl-ll4-l
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Table A. 123 M{ data for Marley: Dl-ll 4-2 (1982)

Moment, M Rotatioq 0

0.186 0.0003
0.372 0.0007

0.559 0.0010
0.832 0.001E

1.106 0.0025

t346 0.0032
1.5E6 0.0038
LE49 0.0046
2.ul 0.0054

2.316 0.0061
2.522 0.0067

2.670 0.0074

2.819 0.0080
2.990 0.0092

3.162 0.0103

3.390 0.0117
3.617 0.0130

3.777 0.0145

3.937 0.0159
4.086 0.Ot77
4.234 0.0195

4-337 0.O2t2
4.439 0.0229

4.530 0.0244
4.622 0.0259

Moment, M RotatiorL ô

4.782 0.0285
4.E39 0.0301

4.896 0.0317

4.964 0.0335
5.033 0.0352

5.101 0.0370
5.170 0.0388
5.215 0.0404
5.261 0.0420
s.318 0.0435
5.376 0.0449

5.410 0.0469

5.444 0.0488
5.490 0.0501
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Figure Al23 (a) M-0 curve for lv[arley:.Dl-ll4-2
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Table A I 24 M+þ data for Marl eyl. D2-I/4-l (1982)

0.206
0.411
o.6t7
0.808

0.998
1.189

1.464

L73a
2.Ot3
2.287

0

0.0003
0.0005
0.0008
0.0011

0.0015
0.0018
0.0023

0.0027
0.0033

0.0039

4.758
4.918

5.078
5.181

5.284
5364
5.444
5.501

5.558
5.615
5.673

2.447 0.0042

2.607 0.0045

2.836 0.0061

3.064 0.0076
3.270 0.0093
3.476 0.0109
3.636 0.0123
3.196 0.0136
3.196 0.0136
3.918 0.0150
4.040 0.0163

4-t62 0.0t77
4.311 0.0194
4.4s9 0.0210
4.608 0.0227
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Fþre A. I 24 (a) M-0 curve for Marley : D?-ll4-l
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Table A.125 M-Q data for Marley:D2-ll4-2 (1982)

Moment, M Rotation, $

00
0.263 0.0002
0.526 0_0003

0.778 0.0009
1.029 0.0014

t.269 0.001E

1.509 0.0021

1.692 0.0026

1.875 0.0031

2.081 0.0036
2.287 0.0041

2.493 0.00,16

2.699 0.0053

2.904 0.0060
3.076 0.0075
3.247 0.0089
3-385 0_0104

3.522 0.0118
3.625 0.0132

3.729 0.0145
3.842 0.0159

3.956 0.0t72
4.128 0.0185
4.299 0.0197
4.482 0.0209
4.665 0.0220

Momeng M Rotatio4 0

4.985 0.0241
5.100 0.0254
s.zt4 0.0266
5.329 0.0282
5.U4 0.0297

5.535 0.0310
s.6n 0.0322
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Fþre 4.125 (a) M-ô curve for MarleytD2-ll4-2
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Table A.126 M{ data for lrdarþ:D3-tla-l Q9B2)

0.0002

0.0004

0.0006
0.0009

0.0012

0.0015
0.0019
0.0024
0.002E

0.0033

3.797

3.899
3.945

3.990
4.035

4.050
4.M6
4.081
4.096
4.lll
4.126

1.875 0_0037

2.080 0.0042

2.232 0.0047

2.384 0.0053
2.535 0.0058
2.672 0.0068
2.808 0.0078
2.929 0.0090
3.050 0.0102
3.17t 0.0114
3.270 0.0125
3.368 0.0135
3.467 0.0146
3.581 0.01s8
3.695 0.0170

0.0193

0.0204
0.0216
0.02?'1

o.0237

0.0247
o.0257
o.0269

0.0280
0.0292
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Fþre A126 (¿) M-0 curve for Marley:D3-114-l
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Table A.127 M-{ data for Marley:D3-l/4-2 (1982)

Moment, M Rotatiorq {
*ù.{-m radians

0.168 0.0006
0.335 0.0012

0.503 0.0018

0.678 0.0026

0-854 0.0035
1.029 0.0043

l.l8l 0.0050

t.334 0.0056
1.486 0.0063

t.669 0.0070

1.852 0.0078

2.035 0.0085

2.196 0.0092

2.356 0.0098

z.st6 0.0105

2.7t0 0.0115

2.904 0.0125

3.087 0.0141

3.270 0.0156

3.373 0.0174

3.476 0.0191

3.579 0.0210

3.682 0.0228

3.7n 0.024s
3912 0.0262

Moment, M Rotatio¡\ 0
kN-m radians

4.002 0.0303

4.037 0.0326
4.072 0.0348
4.128 0.0368
4.185 0.0387
4.242 0.0405

4.299 0.Q422

4.322 0.0438
4.345 0.0453

4.392 0.0477

4.425 0.0491

4.459 0.0504
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Figure 4.127 (a) M-{ curve for Marþ: D3-ll4-2
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Table 4.128 M{ data for Marley: A-lt}-t (t9BZ)

Moment, M Rotatio& 0

0
0.907

1.815

2.722
3.660

4.598
5.536

6.3s2
7.169
7.986
8.7 t2
9.438

t0.165
t t.162
r2.160

0.0005
0.0009

0.0014
0.0019

0.0023
0.0028

0.0033
0.0039
0.00,f4
0.0051
0.0058

0.0065

o.0077
0.0088

Moment, M Rotatior\ 0
kl'l-m radia¡s

18.605 0.0284
l8.El6 0.0298
19.028 0.0312
t9.239 0.0326
t9.466 0.0343
19.693 0.03s9
t9.920 0.0375
20.146 0.0390
20.2a2 0.0401
20.4t9 0.041I

13.068 0.0102
t3.976 0.0116
14.611 0-0131

t5.246 0.0145
15.791 0.0159
16.335 0.0172
16.335 0.0172
t6.925 0.0190
t7.514 0.0207
t7.7A7 0.0227
t8.060 0.0247
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Fþre 4.128 (u) M-0 curve for Marley: A-l/2-l
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O E çcrimq¡t¡l Dat¡
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Figure 4.129 (a) M-ô curve for Marley:B-ll2-l
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Table A. 129 M{ data for Marley: B'-ll2-1 (1982)

Moment, M Rotatioq 0

0 0.05 0.1 0.t5 0.7 0.25 0.3 0.35
Normalized Rotatiorq Qfto

Figure 4.129 (b) Eurocode3 Classification of Marley: B-l/2-l

o.02zz
0.0237

0.02s1
0.0268
0.0284

0.0298

0.0312
0.0326

0.0324
0.0338
0.0352

0.0366

0.0382
0.0397
0.0413

t6.767
17.083

17.354
t7.626
t7.987
18.348

18.559

18.770

t8.981
18.981
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19.343

t9.524
19.705

19.885

20.066

Moment, M Rotatioq 0
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0.693 0.0001
1.386 0.0002

2.O7A 0.0003
2.078 0.0003
3.028 0.0008
3.977 0.0012
4.610 0.0015
5.243 0.0017
6.147 0.0021
7.050 0.0025

7.818 0.0030

8.586 0.0035

9.445 0.0041
10.304 0.0047
10.982 0.0055

kN-m

11.660 0.0063
12.474 0.0073
13.287 0_0083

13.875 0.0097
t4.463 0.0110

14.884 0.0125
15.306 0.0139

t5.728 0.0154

16.089 0.0172
16.450 0.0190



Table A 130 M-S data for Marl ey: B-ll2-Z (1982)

Moment, M Rotation, {

0.771
t.543
2.329

3.116

3.902
4.477

5.052
5.627

6.202
6.776
7.35t
8.123

8.894
9.484
t0.074
10.664

11.253

I1.889
t2.524
12.932

13.340

t3.643
13.946

t4.248
14.520

0
0.0002
0.0003
0.0005
0.0007

0.0009
0.0012

0.0016
0.0019

0.0021
o.0024
0.0026

Moment, M Rotatioq 0

15.065 0.0140
15.307 0.0147
15.549 0.0155
15.79t 0.0162
16.033 0.0170
16.275 0.0t77
16.5t7 0.0185
16.668 0.0193
16.8t9 0.0202
16.97 | 0.02 l0

0.0031

0.0035
0.0041
0.0046
0.0052
0.0057

0.0063
0.0068

0.0076
0.0084

0.0094
0.0103

0.01r3
0.ot22
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Figure A. I 3 0 (a) M4 q¡rve for lvfarley : B-ll2-2
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Funaio¡

Top ¡¡¡d Sc¡t Âlglc Conncrdon
Anqlc Sizc: 100 x 100 x 13 x ¡25

Eç!¡E w t30 X 24 lvf,"47 kN-fl
Falcícfs: À325 20 ø
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Table A 13l M{ data for Marley: Cl-ll2-l (1982)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, 0/0p

Fþre 4.131 (b) Eurocode3 Classification ofMarley: Cl-l/2-1

Moment, M Rotatio4 0

18.785 0.0206

t9.o27 0.0219

t9.269 0.0233

t9.5t2 0.0246
19.693 0.0258
19.875 0.027I
20.057 0.0283
20.268 0.0296
20.480 0.0308
20.691 0.0321
20.843 0.0335
20.994 0.0350

Moment, M Roøtion, {
kN-rn radians

t

è
> 0.t

ã 0.6

¿
!
-! 0.4

20.,

00
0.786 0.0002

L573 0.0004

2.359 0.0006

3.176 0.0008

3.993 0.0009
4.810 0.00t I
5.E08 0.0016
6.806 0.0020
7.805 0.0027
8.803 0.0033
9.575 0.0042

0.03640.0051

0.0061

0.0071
0.0080

0.0088
0.0097

0.0106
0.0tt7
0.0128

0.0140
0.0153

0.0165
0.0179

0.0192

10.346

tt.L62
I1.979
12.705

13.431

14.338

t5.246
16.108

t6.971
17.243

t7.5t5
n.747
18.120

t8.452



Table 4.132 M-S data for Marley:. Cl-t/2-2 (l9BZ)

Moment, M Rotatiorl $

00
0.994 0.0000
1.989 0.0000
3.028 0.0000
4.067 0.0000
4.881 0.0003

5.694 0.0005
6.508 0-0008

7.547 0.0012
8.586 0.0016
9.400 0.0027
to.2t3 0.0037

10.847 0.0047

11.480 0.0056
t2.tr2 0.0065
t2.745 0.0074
13.694 0.0086
t4.643 0.0098
r5.lE5 0.0113
t5.128 o.Otn
16.270 0.0142
16.812 0.0157
t7.264 0.0176
17.7t6 0.0195
18.048 0.0208
18.379 0.022t

Moment M Rotation, 0

19.072 0.0250
19.433 0.0266
19.659 0.0283
19.886 0.0299
20.1t2 0.0315
20.337 0.0330
20.518 0.03,16

20.699 0.0362
20.880 0.0373
21.060 0.0384

l6

&tz

ãc

4

0 0.01 0.02 0.03
Rotational Defomation (radians)

Fþre 4.132 (a) M-0 curve for Marley: Cl-ll2-2
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Fþre 4.132 (b) Eurocode3 Classification of Marley: Cl-1/2-2



O Ery.rimcrÍål Dst¡

-Modiñ.d 
FuDclion

Top ùrd Sc¡t Anglc Coltn.cdotr
Anelc Sizc: 100 x 100 x t3 x 125

Eslq Wl30 X 24 À4=47 kN-n
E!!EsiA32J 20ø
lúE¡s!: Ga0.2r

0 0.01 0.02 0.03
Rotational Deformation (radians)

Fþre 4.133 (a) M4 curve for Marley: C2-ll2-1
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Table ,4..133 M-{ data for Marley: A-lD-l (1982)

Moment, M Roøtion, {
kN-m radia¡s

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotatior¡ fl$o

Fþre 4.133 þ) Eurocode3 Classification of Marley: C2-112-l

0.0238
0.0251
0.0265

0.0278
0.0291
0.0304

0.03t¿
0.0339

0.0352

0.0366
0-0379

18.392
18.694

18.936

19.t79
t9.42t
t9.739
20.057

20.208

20.359
20.509

Momenl, M Rotation, {
ld.I-m radians

I

¿
È o.t

ã 0.6

EI

.N 0.4

9 o.z

0

0.817 0.0001
1.634 0.0002
2.420 0.0003
3.207 0.0005
3.993 0.0006

4.946 0.00I
5.E99 0.0016
6.655 0.0021

7.4tt 0.0025
E.167 0.0030
9.014 0.0037

9.861 0.0043

10.708 0.0050
tt .707 0_0060

12.705 0.0069
t3.341 0.0077

13.976 0.0084
14.520 0.0101
15.065 0.0117
15.609 0.0134
16.153 0.0150
16.517 0.0169
16.880 0.0187
t7.333 0.0206
t7.787 0.0T¿4



Table 4.134 M-$ data for Marley: C2-tl2-2 (1982)

Moment, M Rotatio4 {
liùI-m radians

0

1.002

2.004
2.961
3.918

4.875
5.831
6.652
7.472
8.201

8.929
9.6t3

10.?.96

11.025

tr.754
t2.392
13.029

13.758

t4.487
t4.897
15.307

t5.1t1
16.t27
16.583

t7.039
17.403

0
0.0004

0.0008
0.0014
0.0019

0.0025
0.0031

0.0036
0.0041
0.0048
0.0054
0.0059

0.0063

0.0073

0.0082

Moment, M Rotation, $

17.768

18.132

18.496

18.709

18.922
I9.135
19.,108

19.681

19.833

19.985

20.t37

0.0266
0.028r
0.o295
0.0310

0.0324
0.0341
0.0358
0.0373
0.0388
0.0403

0.0092
0.0102

0.0r 16

0.0130
0.0142

0.01s4
0.0168
0.0181

0.0196

0.021I
0.0231

+anI

=
ã8
¿

0 0.01 0.02 0.03
Itotational Ddormation (radiars)

Figure A.134 (a) M{ curve for Marley: C2-ll2-2
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Figure 4.134 (b) Eurocode3 Classification of Marley: C2-ll2-2



Table 4.135 M-{ data forMarley:Dl-ll2-l (1952)

Moment, M Rotatioq {

0
0.908

1.8t5
2.662
3.509
4.356
5.US
6.534
7.487

8.,140

L302
10.165

0.0003

0.0005
0.0007
0.000E

0.00t0
0.0015

0.0019
0.0024

0.0029
0.0034

0.0038

Moment, M Roatio4 þ

19.875

20.147
20.4t9
20.691

20.964
2t.l9t
2l.4tE
21.644

2t.E7t
22.052
22.234

tt.o72 0.0042

11.979 0.0046
12.705 0.0054
13.431 0.0062
14.202 0.0071

M.n4 0.0080
15.563 0.0095
t6.153 0.0110
16.653 0.0126

17.t52 0.0142
t7.697 0.0162

18.241 0.0181

18.740 0.0198

19.239 0.0215

0.0234
0.0252
0.0269
0.0285
0.0299
0.0312
0.0328

0.0343
0.0358

0.0373
0.0389

0.0405

^t6
z
vl2
2

à

4

0

0 0.01 0.o2 0.03
Roøtional Deformation (radiars)

Fþre 4.135 (a) M{ curve for Marley:.Dl-ll2-l
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Fþre A.135 (b) Eurocode3 Classification of Marley: Dl-1/2-l



O ÊçGrim.ot¡l Data

-Modificd 
Fu¡clior¡

Top ¡nd Scaa Antlc Colrlrccdon

Alrbslzei t00 x 100 x 13 x 125

Bg3!È Wl30 X 24 14=47 kN-m
F[l!nÉrs: À325 20 ø
UsEb!:G,m.2l
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Rotationâl D€fonnation (radians)

Fþre 4.136 (a) M-$ cuwe for Marley: Dl-ll2-2
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Table A 136 M-{ data for Marley: Dl-ll2-z (1982)

0 0.05 0.t 0.15 0.2 0.25 03 0.35
Normalized Rotatioq 0/6

Figure 4.136 (b) Eurocode3 Classiñcation of Ìs..[Larley:D7-ll2-2

t9.42t 0.02t2
19.874 0.0233
20.328 0.0253

20.691 0.0273
21.055 0.0293
21.372 0.0309
21.689 0.0324
2t .9t6 0.0340
22.143 0.0355
22.280 0.0366
22.416 0.0376
22.733 0.0397

23.050 0.0417

¡

2,
È o.*

ã 0.6

.E

.! 0.4

2 0.,

0

00
0.877 0-0001

t.754 0.0003

2.632 0.0004
3.22t 0.0005
3.811 0.0005
4.810 0.0010
5.E08 0.0014
6.625 0.0018
7.442 0.0022
8-349 0.0025
9.256 0.0027

10.073 0.0032

ld.l-m

10.890 0.0036

11.798 0.0042
t2.705 0.0048
13.749 0.0057
14.792 0.0066
t5.473 0.0081
16.153 0.0095
16.653 0.0112
t7.t52 0.0128

17.606 0.0142
18.060 0.0156
18.513 0.0175
18.967 0.0193



O E çc'irn rt¡l Drl¡

-Modificd 
Furctior

Top ¡nll S..tÄntle Co¡¡ccdo¡
A4gb!!zg 100 x 100 x 13 x 125

EÊg¡q: w 130 X 24 ld,=a7 kN{n
ElgElE 4325 20 ø
!4tEbLGo.2l

0 0.01 0.02 0.03 0.04
Rotational Defomation (radians)

Fþre 4.137 (a) M-ö curve for Marþ:D2-l/2-l
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Table 4.137 M{ data for Marley:D2-l/2-l (1982)

o 0.05 0.1 0.15 0.2 0-25 0.3 0.35
Nonnalized Rotatioq 0/0p

Figure 4137 (b) Eurocode3 Classification of Marley: D2-ll2-l

Moment, M Rotation, {
kN-m radians

18.709 0.0228

tg.rzl 0.0246
19.441 0.0262
t9.761 0.0278
20.036 0.0292
20.310 0.0306

20.585 0.0326
20.859 0.0345
21.042 0.0364
2t .225 0-0382
21.,108 0.0399

21.590 0.0415

2t.682 0.0433

2t .773 0.045 I
2t.9tt 0.0468

22.048 0.0484

Moment, M Rotatio¡u {
kN-¡n radians

I

è
> 0.8
..1
É

ã 0.6

à€
.s 0-4

2 0.,

0
0.0001

0.0002

0.0003
0.0003

0.0004
0.0004
0.0005
0.0006
0.0007

0.0011
0.0014

0.0018

0.0021
0.0025

0.0028

1.098

2.195
3.247

4.299
5.062
5.824
6.587
7.502
a.4n
9.318
10.338

tt.024
11.710

12.396
13.082

13.814 0.0045

t4.272 0.0058
14.730 0.0071

15.370 0.0094
15.873 0.0112
16.376 0.0129
16.925 0.014E

17.474 0.0166

17.885 0.0188

1A.297 0.0209



Table A. 1 3 8 M{ data for lvfarl ey: D2-tl2-2 (1982)

Moment, M
kN-m

00
0.803 0.0002

1.606 0.0005

2.409 0.0007
3.364 0.0011

4.320 0.0015
5.047 0.0018
5.774 0.0022
6.501 0.0025
7.502 0.0029
8.502 0.0033
9.321 0.0037

10.139 0.0040

10.912 0.0046
1I.684 0.0051

MomenÇ M Rotatio¡L {
ll.I-m

t9.232
19.551

r9.870
20.006
20.142
20.415
20.687
20.823

20.960

0.0181

0.0196
0.021I
0.0230

0.0248
0.0?;67

0.0285
0.0298

0.03 t I
0.0330

0.0348

0.0361

0.0374

t2.321
12.958

13.685

14.4t2
15.413

15.959

16.504

16.9t4
17.323

17.868

18.413

21.097

21.233

0.0058
0.0064
0.0075
0.0085

0.0102
0.01I I
0.0120

0.0130

0.0139

0.0150
0.0160

7t.324
21.415

z
Ê9 t2
É

o8

0 0.01 o.o2 o.o3
Rotational Deformation (radians)

Figure 4.138 (a) M-ô curve forMarley:D2-ll2-2
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Figure A'.138 (b) Eurocode3 Classification of Marley: D2-l/2-2



Table 4.139 M{ data for Marley:D3-112-l (1982)

Moment, M Rotatio¡L {

0.862 0.0002

t.725 0.0003

2.632 0.0006

3.539 0.0008

4.356 0.0012

5.t72 0.0016

5.762 0.0020

6.352 0.0023

7.033 0.0026
7.713 0.0029

8.576 0.0034

9.438 0.0038

10.209 0.0042

10.981 0.00,16

ll.661 0.0053

t2-342 0.0060

13.023 0.0066

13.703 0.0072
14.248 0.0081

t4.792 0.0090

15.155 0.0102

15.519 0.0113

t5.927 0.0126

16.335 0.0139

16.653 0.0153

Momenl, M Rotatioq {

17.514

17.878

18.150

18.423

18.695

18.967

19.239
t9.5t2
t9.739
19.966

20.192

20.4t9
20.555
20.691

20.918

2t.t4s
21326
21.507

I 0.0t67
0.0189
0.0207

0.0219

0.0230
0.0247
0.02ß3

0.0m
0.0290

0.0304
0.0318
0.0333

o.0347

0.0361

0.o375

0.0388
0.040I
0.0421

0.0440

¡6

2,
t9l2
2
a)

ôr

4

0 0.01 0.02 0.03 0.04
Rotationâl Defomation (r¿dians)

Fþre Al39 (a) M+ curve forMarley:D3-112-l
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0 o.o5 o.l 0.15 0-2 0.25 0.3 0.35
Normalized RotâtiorL q{p

Figure Al39 (b) Eurocode3 Classification of M;arley D3-llZ-l



O E)çcrimdúâl Dat¡

-Modi6cd 

Funcion

Top ¡nd Sc¡t AntIc Conllccdon
4EgþSÈ9! 100 x 100 x 13 x 125

Ecq¡q W¡30 X 24 À4*47 kN-rn
Ê36r..,rÊst ß25 2þø
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Figure A. 140 (a) M4 curve for Marley: D3-ll2-2
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Table ,A..140 M-þ data for lvfarþ:D3-ll2-2 (1982)

Moment, M Rotatio4 0

0 0.05 0.1 0.¡J 0.2 0.25 0.3 0.35
Normalized Rotatio4 flþ,

Fþre A.laO @) Eurocode3 Classification of Marley: D3-ll2-2

0.0220
0.0234
0.0248
0.0262
0.027s
0.029t
0.0307
0.0323
0.0338
0.0351

0.0364

0.0381

0.0397
0.0412
0.0427

17.969

18.332

18.649

18.967

19.330

19.693

20.01I
20.328
20.509
20.69t
20.873
2t.055

21.236
21.418
21.508

21.598

Moment, M Rotation, {
kN-m radians

I

> 0.8

ä 0.6

!
.S 0.4

20.,

00
0.908 0.0003

1.815 0.0006
2.632 0.0009
3.449 0.001I
4.220 0.0015
4.991 0.00rE
5.944 0.0023
6.897 0.0027
6.897 0.0027
7.669 0.0032
E.440 0.0036

9.t66 0.N42
9.892 0_0047

10.617 0.0053
11.389 0.0060
t2.160 0.0066
13.069 0.0082
13.477 0.0093
13.885 0_0104

t4.656 0.0117
15.428 0.0130
ts.927 0.0145
16.426 0.0160
17.016 0.0t77
17.605 0.0193

0



Table 4.141 M{ data for Maxwell: Al (1981)

Moment, M Rotation, $
kN-m

0
2.505
5.010
7.5t6
t0.02t
12.900

15.778
18.657

2t.536
23.810

26.084
28.358

31. r30

33.902
35.821

37.739
39.658
4t.578
42.999

44.420

45.U2
47.54A

49.254

51.173
53.091

54.229

0
0.0001

0.0002

0.0002
0.0003

0.0005
0.0006

0.0008
0.0009

0.001I
0.0014

0.0016

0.0021

0.0025
0.0029
0.0033

0.0037
0.0040
0.0043

0.0047

0.0050
0.0054

0.0058

0.0063
0.0067

0.0070

Moment, M Rotatioq 0

55.366 0.0074

56.504 0.0077
57.783 0.0081
59.062 0.0084
60.341 0.0088
6t.620 0.0093

62.899 0.0097

JO

É
.!40
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o
à20

l0

0 0.002 0.004 0.006 0.008
Rotâtional Defonnation (radians)

Figure A.l4l (a) M{ curve forM¿xwell: Al
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Fþre A.l4l (b) Eurocode3 Classification ofMaxwell: Al



Table A.142 M{ data for Maxwell: A2 (l9Bl)

Moment, M Rotatio4 0
llrl-¡n

0
3.277

6.553

9.830
13.391

l6.9sl
20.5t2
24.786
29.059
33.333

0

0.000r
0.0003

0.0004

0.0006

0.0008
0.0010

0.0013

0.0015
0.00r8

Moment, M Roøtioq S
kN-m

37.t79 0.0021
41.026 0.0024

44.872 0.00n
48.148 0.0030
5t.424 0.0033
54.70t 0.0036
57.550 0.0039
60.399 0.0043

63 .248 0.0046
65.9s4 0.0050
68.661 0.0053

71.368 0.0057
73.362 0.0060
75.356 0.0064
77.35t 0.0067
78.918 0.0071

82.052 0.0078
83.334 0.0081
84.616 0.0085
85.898 0.008E

86.753 0.0091
87.607 0.0095
E8.462 0.0098

70

?eoJ
etr0

g40
o
>30

m

l0

0

0 0.002 0.0(x 0.006 o.oot
Rotationa¡ Ddormation (r¿dians)

Fþre 4.142 (a) M-0 curve for Ma:<well: A2
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Fþre A.la2 þ) Eurocode3 Classification of Maxwell: A2



Table 4.143 M{ data for Maxwelt A3 (1981)

Moment, M Rotation, {
kN-m radians

3.326
6.652
9.978
13.305

17.t67
21.030
24.t77
27.325

30.472

34.335

38.198

41.845

45.493

49.3s6
53.2t9
57.081

60.944
63.090
65.236
67.382
69.742

72.103

73.605
75.t07
76.t09

0.0002

0.0004

0.0005
0.0007

0.0010
0.0012
0.0015
0.0017

0.0020

0.0023

0.0026

0.0030

0.0034

0.0038
0.0042
0.0047

0.0051

0.0054
0.0058
0.0061

0.0066

0.0070
0_007s

0.0079

0.0082

Moment, M Rotatio+ ò
liù.I-m

77.tt0 0.0086
7A.tn 0.0089
78.756 0.0093

79.4A0 0.0097

60

-, 50'zt
Ëa)
il)

ã30

20

t0

0

0 0.002 0.004 0.006
Itotational Deformation (radians)

Figure 4.143 (a) M-ö curve for Maxwell: A3

O E gcrim.¡û¡l Drtr
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Funcrion

Top ¡nd Sc¡t Anglc CornÊc.üo!
Ànqlc Sizc: 150 x 90 x ¡0 x 150

&4!Ë457x191 UB67 l4-¿l4l kN.m

&El!!Ei G8.t M20 ø
M¡E¡sL @10.21

I

> 0.E

:f
E
ä 0.6

Ìt
.! 0.4

2o.z

0 0.05 0.1 0.15 0.2 0.2s 0.3 0.35
Normalized Rotatioq fl$o

Figure 4.143 (b) Eurocode3 Classification of Maxwell: A3



Table A 144 M-{ data for Maxwelt A4 (1981)

4.843

9.687
l4-530
19.373

24.216
29.059

33.333
37.606
41.880

0
0.0002
0.0004

0.0006
0.0009

0.0012
0.0015

0.0018
0.0020

0.0023
45.299 0.0026
48.7¡8 0.0028

52.t37 0.0031

56.624 0.0035
6t.ll1 0.0039
66.026 0.0044
70.94t 0.0048
73 .932 0.005 I
76323 0.0055
79.9t5 0.0058
82.t94 0.0061

84.473 0.0065
86.752 0-0068

88.889 0.0071

9t-026 0.0075
93.t62 0.0078

96.W7 0.0085
98.719 0.0088
100.428 0.0093
lo2.l37 0.0097

100

90

80

ÊzoJ1i 60
13
Ë50
X,m
è¡o

20

l0

0

0 0.002 0.004 0.006 0.008
Roøtional Deformation (radians)

Figure A'.144 (a) M-ô curve forMaxwell: A4

O E ç€rimcrf¡l Dåt!

Top rnd S.¡t Atrglc Con¡cc{olr
AnÊlc Size 150 x90 x l0 x 20O

B.åm: 457xl9t UB67 ì,L=441 kN-ñ
Fâlcncß: G8.t M20 ø
Mlrcrirl: O¡10.21

0 0.05 0.t 0.15 0-2 025 0.3 0.35
Normalized Roøtior¡ fl{o

Figure 4.144 (b) Eurocode3 Classification of Maxwell: A4



Table Al45 M-$ data for Maxwell: Bl (1981)

0
4.t23
a.246
12j69
16.562
20.754
24.947
28.721
32.494
36.268
39.902
43.536

47.t70
51.363
55.556

59.t20
62.684
65.618
68.553
7t.n9
74.005
76.3tO
78.616
80.922
83.228
u.696

0

0.0002

0.0004
0.0006

0.0009
0.001I
0.0014
0.0017

0.0020
0.0023
0.0026
0.0030

0.0033

0.0038

0.0042

0.0047
0.0051

0.0056
0.0060

0.0065

0.0069
0.0073
0.0077
0.0081
0.0084

0.0088

10

E60
à
t950
ëq,l{)
Ho
>30

20

l0

o

0 0,002 0.0ø 0.006 0.008
Rotational Deformation (r¿dians)

Figure 4.145 (a) M-0 curve for Maxwell: Bl
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Andc Sizc 150 x90 x 12x 150

Be4r 457xl9l uB67 lt4-,141 kl,¡-tn

Farcncrs: G8.8 M20 ø
Mâlcrirl: Gl0.2l

I
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È o.*

ä 0.6

.S 0.4

2o.t

0 0.05 0.I 0.15 0.2 0.25 0.3 0.35
Normalized Rotatior\ d{p

Figure 4.145 (b) Eurocode3 Classification of Maxwell: 81



Table 4.146 M{ data for Maxwell: B2 (1981)

Moment, M Rotation, 0
kN-m

0

3.878
7.751

11.530

15.304

19.07E

23.900
28.722

33.543

38.364

0
0.0003
0.0005

0.0007
0.0009

0.0011

0.0014

0.0017

0.0021

0.0024

Moment, M

4t.7t9 0.0027
45.073 0.0029

48.637 0.0033

52.202 0.0036
55.975 0_0039

59.748 0.0042
63.103 0.00,f6
66.457 0.0049
70.021 0.0053
73.584 0.0057
76.100 0.0061
78.6t6 0.0065
8r.761 0.0069
84.906 0.0073
87.2t2 0.0077
89.518 0.0080

92.872 0.0087
94.549 0.0090
96.227 0.0093

97.904 0.0097
99.5E1 0.0100

Rotatioq 0
radians 80

^70
zeoJ
-50
cE&o
à¡o

20

10

0

0 0.002 0.004 0.006 0.00t
Rotational Ddormation (radians)

Figure 4.146 (a) M4 curve for Maxwell: B2

O E çcriÍ¡cûtd D¡f¡

-Modificd 
Fùr¡ction

ToD ¡nd Sc.t Arglc Co¡rrlecdo¡

ê!gbs!!g 150 x 90 x 12 x 2fl)
B€am: 457xl9l UB67 let-,141 kN-m

&g!øqq GE.t M20 ø
Marc¡i¡l: G40.21

0 0.05 0.1 0.15 0.2 0-25 0.3 0.35
Nomâlized RotatiorL 0/0p

Figure 4.146 (b) Eurocode3 Classification of Maxwell: 82



Table A.147 M-þ data for Maxwelt B3 (1981)

Moment, M Rotation, {

4.622
8.964

13.306

r7.647
22.129

2ß.6tt
31.093

35.295
39.496
43.698
47.339

50.981

54.622

58.613

62.605

66.386

70.16E

73.109
76.051

78.782
81.513

83.614
85.715

87.816
89_917

0.0003
0.0005

0.0008
0.0010

0.0013

0.0015
0.0018

0.0021

0.0023
0.0026
0.0028

0.0031

0.0033
0.0037
0.0040

0.0044

0.0047

0.0051
0.0054
0.0058

0.0062
0.0066

0.0069
0-0074
0.0078

Moment, M RotatiorL 0

92.017 0.0083

94_ll8 0.0087

95.379 0.0091

96.639 0.0094

97.900 0.0098

90

80

^70
260ú
Ë50
Ib40o
À30

m

l0

0

0 o.oo2 0.0ø 0.006 0.008
Rotational Deformation (radia$)

Fþre 4.147 (a) M4 curve for Maxwell: B3

o E)pcrimcotål Dst¡

-Modiñcd 
Functiod

Top ¡nd Se.t Anglê CotÙrccdoû

A4gulizei 150 x90 x 12 t( 150

Bçe!q. 457xl9l UB67 14=441 kN-m

&SEs: GE.8 M20 ø
li!4s!s!: @{r.21

t

È o.t

!,

ã 0.6

¿

.N 0.4
?

2 o.z

0 0.05 0.1 o.l5 0.2 0-25 0.3 0.35' 
Nonnalized Roøtion, ${t

Figure 4.147 (b) Eurocode3 Classification of Maxwell: B3



Table 4.148 M{ data for Maxwelt 84 (1981)

Momeng M Rotatio¡L g

4.96t
9.923
14.884

18.79E

22.7 t1
26.624
30.398
34.t72
38.924

0.0003

0.0005

0.0008
0.001I
0.0013

0.0016
0.0018

0.0020
0.0023

MomenÇ M
kN-m

t02.376
104.193

105.730

107.26E

108.805

43.675 0.0026
48.427 0.0029

53.459 0.0033

58.490 0.0036
63.3t2 0.0039
68.134 0.0042
72.536 0.0046
76.939 0.0050
8t .342 0.0054
8s.745 0.0058
88.889 0.0063
92.033 0_0067

94.269 0.0070
96.505 0.0074
98.742 0.0077
100.559 0.0080

Rotâtion, 0

0.0087

0.0090

0.0094

0.0097

lI0
100

90

80

Çtoztt 60

Ëro
E

soo
30

20

l0

0

0 0.002 0.0ø 0.006 o.oo8
Rotational Deformation (radians)

Figure 4.148 (a) M-ö curve for Maxwell: 84

O E,çcrirftfltsl D¡t¡

-Modificd 
Fûndion

Top ¡¡¡d Sc¡t Angl. Connccdo[
Andc Sizd 150 x90 x 12 x200
Ecg¡!:457x191 uB67 À4-.141 kNfl
F¿rcncrs: G8.8 M20 ø
Matefiâl: c40.21

0 0.05 0.1 q.ls 0.2 0.25 0.3 0.35
Nonnalized Rotatio4 flfo

Fþre ,A'.148 þ) Eurocode3 Classification ofMaxrvell: 84
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TableA.l49 M-$ dataforMaxwelt Cl (1981)

Moment, M Rotatio4 {
kN-m radians

0
3.962
7.923
t2.206
16.489

20.771

24.768
24.765
32.762

37.6t6
42.470
47.324

51.892

56.460
61.028
64.882
68.736

72.591
76.874
81.157

85.440

88.580

91.721

94.861

98.287

l0l.7l4

0
0.0003
0.0005
0.0008
0.00r0
0.0013

0.0016
0.0018

0.0021

0.0024
0.0028
0.0031

0.0034

0.0037
0.0040
0.0043
0.0046

0.0049

0.0052

0.0056

0.0059

0.0062

0.0066

0.0069
0.0073

0.0077

Moment, M Rotatior\ 0
lù.I-m radians

l04.7ll 0.0081

107.709 0.0085

tt0.707 0.0089
113.063 0.0094
115.418 0.0098

120

u0
100

90

Ê¿o
Z70J

-60
Ëro
>40

30

20

¡0

0

o 0.002 0.004 0.006 0.008
Rotational Deformation (radians)

Fþre 4.149 (a) M4 curve for Maxwell: Cl

Top ¡nd Sê¡t Anglc Con¡ccdon

 lgþ.lqEE 150 x 90 x 15 x I50
Egg4r 457x19¡ UB6'7 ¡'4-¡l4l kN'|n
Frstcncrs: G8.8 M20 ø
!¡q!s! cl0.2l

O Þçcriñcriú¡l Data

I

¿
È o.t

t¡,

ä 0.6

.! 0.4

20.,

o 0.05 o.l 0.15 0.2 0-25 0.3 0.35
Normalized Rotation, Sft 

"
Fþre 4.149 (b) Eurocode3 Classification of Maxwell: Cl
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Table 4.150 Mlþ data for Maxwell: C2 (l98l)

Moment M Rotatioq ô

0
2.991
7.692
12.393
17.094
22.863

28.632
33.761

38.889
44.0t7

0.0002
0.0005

0.0007
0.0010

0.0013

0.0016

0.0019
0.0022
0.0025

Moment, M Rotation, ô

49.146 0.0027
54.915 0.0031

60.684 0.0035
66.239 0.0038
7r.79s 0.0041
76.7t0 0.0045
8t.624 0.0048
85.898 0.0051
90.172 0.0054
94.659 0.0058
99.t46 0.0061
103.633 0.0065
108.120 0.0068
1t2.607 0.w73
tt7.094 0.0077
ll7.30E 0.0080

tt7.52t 0.0085
rr7.52t 0.0088
tt7 .735 0-009 I
117.948 0.0094
117.948 0.0097
117.948 0.0099

t20

lt0
lû)

^90Fto
þn
Ë60
Ëro
!æ

30

20

t0
0

0 0-002 0.004 0.006 o.oo8
Rotational Defomation (rådians)

Figure A. 150 (a) M-ö curve for Maxwell: C2

O E ç.riFcn¡l D¡ta

-Modifi.d 
Functiolr

Top ùd S.ot Antl. CoÌnGcdon
Anqlc Sizc: 150 x 90 x 15 x 200

EgêE! 457xl9t UB67 À4--.{41kN{n
Fanene|r$ Ct t M20ø
Malcrial: C40.2 I

0 0.05 0.1-, q.t5 o-2 o.2s 0.3 0.35
Normalized Rotation, fl{,

Figure Al50 (b) Eurocode3 Classification ofMaxwell C2



Table A. l5l M-$ data for Maxwell: C3 (1981)

Moment M Rotatioq 0
kl.I-m

4.478
8.956

r3.433
l7.27t
21.109
24.947
30.490
36.034
41.365

46.696
52.026

57.357

61.834

66.3t2
70.007
73.703

77.398
80.3E4

83.369
87.633

91.897
95.096

98.294

t0t.219
104.264

0.0002

0.0004
0.0006

0.0008

0.0010
0.0012
0.0015
0.0017
0.0020

0.0023
0.0026

0.0029

0.0033

0.0036
0.0039

0.0043
0.00,16

0.0049
0.0052
0.0057

0.0061
0.0065

0.0069

0.0073

0.0077

Moment, M Rotatioq 0
kN-m radians

108.955

I11.087
tt3.2t9

0.008I
0.0084

0.0089

0.0093

120

u0
t00

90

E80
4zo
-60
9io
Éoo

30

20

t0
0

0 0.002 0.004 0.006 0.00t
Rotational Ddonnation (radians)

Figure A15l (a) M4 curve for Maxwell: C3

O E)çGfiñ.ítål Drt

-Modi6cd 
Functio¡

Top ¡¡d Sc¡t A¡gIc Colrr¡.cdor
Anqlê Sizc: 150 x90 x 15 x 150

Egg¡!:457x191 UB67 l!{r=44l kN-m
Fârcricr¡: CE.E M20 ø
MsEiqL G,l{).21

I

è
> o.s

g
ã 0.6

à
¡c'

.! 0.4

2o.,

0 0.05 0.1 0.r5 0.2 0.2s 0.3 0.35
Normalized Rotation, ô/0p

Fieure A.l5l (b) Eurocode3 Classification of Maxwell: C3



Table 4.152 M{ data for Maxwelt Ca (1981)

Moment, M Rotation, {

4.318
8.635
12.953
t7.270
21.I08
24.946

28.7U

0
0.0002

0.0004
0.0005
0.0007

0.0009
0.0010
0.0012

MomenÇ M Rotatio& 0
kl.I-m radiars

32.764 0.0014
36.745 0.0015
40.725 0.0017
44.563 0.0019

48.401 0.0021
52.238 0.0023
56.077 0.0025
59.915 0.0028
63 .7 53 0.0030
67.59t 0.0032
7r.429 0.0035
75.267 0.0037
80.s97 0.0041
85.928 0.0044
90.832 0.0048
95.736 0.0051
t00.427 0.0055
t0s.llE 0.0058

114.926 0.0066
114.500 0.0069
tt4.o73 0.007I
114.286 0.0074
t14.499 0.0077
tt4.7 L3 0.0081

114.926 0.0084

t20

110

t00

90

Ero+
970
=60
E50o
>40

30

20

l0

0

0 0.002 0.004 0-006
Ibtational Ddormation (radians)

Fþre 4.152 (a) M-0 curve for Maxwell: C4

O EÐcrinÊrt¡l Dat¡

-Modiñcd 
Fundion

Top ¡nd SG¡t Anglc Co¡ncc,dor
Andê Sizq 150 x90 x 15 x 200

Eg!E:4J7xl9l UB67 Àd"=,141 kNrn
F¿lcrc¡s: c8.8 M20 ø
Matcrial: GO.2l
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ã 0.6
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Fþre 4.152 þ) Eurocode3 Classification of Maxwell: C4



Table A.153 M-S data for AzÞinamini: 8Sl (1985)

Moment, M Rotatioq 0
kN-m radians

00
t.962 0.0002
3.175 0.0004
4.389 0.0005

5.686 0.0008

6-983 0.0010

8.945 0.00t3
10.341 0.0015

11.738 0.0017
13.500 0.0021
14.863 0.0024
t6.227 0.0028

t7 .390 0.0031

18.554 0.0034

t9.668 0.0038

20.7a2 0.0043

22.810 0.0051

24.706 0.0064
26.568 0.0079

2E.164 0.0096
29.860 0.0113

30.74t 0.0126
31.622 0.0140

32.403 0.0151
33.185 0.0162
33.883 0.0174

Moment, M Rotatio¡u ô
kN-m radians

34.581 0.018s
35.346 0.0201

36.111 0.0216

36.842 0.0231

37.574 0.0247

38.056 0.0259

38.538 0.0272
39.054 0.0284
39.569 0.0297

39.968 0.0310
40.367 0.0324
40.816 0.0337

4t.265 0.0350

41.581 0.0360
4t.E97 0.0371

42.262 0.0382
42.624 0.0394
42.86t 0.0404

â30

z
êt
620
o
à

l0

0 0.0t 0.02 0.03
Rotational Ddormation (radians)

Fþre ,4..153 (a) M-ô curve for Azizinamini: 8Sl

o E pcrimËítal Dat¡

To! ¡¡¡d S.¡t Anglc Colln.cdo¡¡ rlth
Iroûùh Wcù Âhtlc!
Rq Ardc Size 150 x90xt x 150
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I

È o.t
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E
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0 0.05 0.1 0.15 0.2 0.2s 0.3 0.35
Normalized Rotatio4 fl {o

Figure 4.153 (b) Eurocode3 Classification of Azizinamini: 8Sl



Table 4.154 M-$ data for Azizinamini: 8S2 (1985)

Mome ,M Rotation, g
lditr-m redians

00
1.48s 0.0001
2.970 0.0001
4.455 0.0002
5.668 0.0002
6.8E2 0.0003
8.444 0.0004
10.006 0.0005
11.768 0.0007
13.529 0.0008
15.047 0.0010

16.565 0.0012

18.082 0.0013

19.6r l 0.00t5
21.140 0.0016
22.669 0.0018
24.081 0.0020
25.493 0.0022
27.320 0.0027
28.s64 0.0031
29.809 0.0035
31.901 0.0042
33.277 0.0050
34.653 0.0057
35.930 0.0064
37.207 0.0072

Moment, M Rotatio4 $

39.491
40.301
4r.l l l
4t.671
42.232

42.774

43.316

43.51I
43.706

43.335
43.6t4

43.893

43.987

43.6t7
43.580

43.542
43.724

43.905
44.087

0.0082

0.0092
0.0102
0.0112
0.012r
0.0131
0.0144

0.0157
0.0168
0.0178

0.0188
0.0r96

0.0204
0.0214

0.0223
o.0232
0.024t
0.0255
o.0269
0.0283

Ê¡o
z
è9

Eoo
¿

t0

0 0.01 0-o2
Rotational Deformation (radians)

Figure A.154 (a) M4 curve for Azizinamini: 8S2

O E)p.rimcntrl DrtÀ

-Modificd 
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ã 0.6

¿
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0 0.05 0.1 0.t5 0-2 0.25 0.3 0.35
Normalized Rolatioa flfu

Figure Al54 (b) Eurocode3 Classification ofAzizinamini: 8S2

ll

I

il

li
¡1



O E çcrin€lltÁl D¡t!

-Modificd 
Futrcrion

Top ¡nd S..ú Ântlc Colnú:cdon rllh
Irol¡blc Wcb Anglcs

I!9"¿Usbgizgi t50 x 90 ,.8 x 200

I&ÞJUslES¡zq 100 x 90 x 6 x l,m
E93!Ë w200 X 3l Lf-100 ld\¡-m

&9q4 4325 20 ø
!ú4dc!:436

0 0.0t 0.02 0.03
Rotational Ddomation (radians)

Fþre 4.155 (a) M-0 curve for Azizinamini: 8S3

&

ù,
é30
Ë

õ20

l0

Table 4.155 M-$ data for Azizinamini: 8S3 (1985)

0 0.05 0.1 0.t5 0.2 0.25 0.3 0.35
Normalized RotâtiorL 0/+p

Figure A. 155 (b) Eurocode3 Classification of Azizinamini: 8S3

43.675 0.0165
44.364 0.0178
45.053 0.0192
45.776 0.0205
46.498 0.0218
47.089 0.0233

47.680 0.0249

48.252 0.0262
48.825 0.0275

49 .347 0.0286
49.869 0.0297
50.377 0.0314

50.885 0.0330

51.359 0.0343
51.832 0.0357
52.507 0.0375
53.183 0.0392

Moment, M Rotation, {
kN-m radians

I
-s¿
È o.t

g
ä 0.6

à
!
.N 0.4

2 0.,

0
0.0002
0.0004
0.0005

0.0007
0.0010

0.0012

0.0016

0.0020
0.0022
0.0024

0.0028

0.0031

0.0036
0.0043
0.0051
0.0057

2.226
4.452
6.695

8.938
I l.l8l
t3.425
15.?68

l8.l l2
t9.674
21.237
23.O32

24.EZE

27.089
29.55r
31.682
33.064

34.446 0.0064
36.246 0.0074

37.748 0.0086

39.385 0.0102
40.238 0.0112

4t .092 0.0 123

41.746 0.0133
42.440 0.0 143

43.038 0.0154



Table 4.156 M-.{ data for Azizinamini: 8S4 (1985)

Moment, M Rotatio& 0

0
0.774

t.549
2323
3.075

3.827
4.579
5.583

6.587

7.590
E.594

9.622

0.0004

0.0008
0.0012

0.0017

0.0022
0.0026

0.0033
0.0040

0.0047
0.0054
0.0062

Moment, M Rotâtion,o
kN-m

18.613

l8-993
19.207

t9.42t
t9.786
20.066
20.346
20.488
20.630
20.77t

10.651 0.0071

t1.679 0.0080
12.458 0.0089
t3 .237 0.0098
14.099 0.0114
14.960 0_0130

15.490 0.0t42
16.020 0.0153

16367 0.0164
t6.714 0.0176
17.094 0.0191

17.473 0.0206
t7.854 0.0219
18.234 0.0233

0.0248
0.0262
0.0276
0.0290

0.0295

0.0310

0.0324
0.0340
0.0357

0.0373

21,051 0.0389
21.331 0.0406

z
èt
6lo

0 0.01 0.02 0.03
Rotational Deformation (radians)

Fþre 4.156 (a) M4 curve for Azizinamini: 8S4

O Ery.riD.ût¡l Dara

-ModiÍcd 
Furicrio¡¡

Top rnd Scet Angle Conn cdonrlah
Doûblc WGb.Antl.!
FIq Anr¡c Sizc: 150 r l50x l0 x 150

Wcb Anclc Sizq l0O x90 x6 x I,O
E93!: W200 X 3l Ùl¡-100 kN-m

I

è
E o.s

b 0.6

.! 0.4

2 0.,

0 0.05 0.1 0.15 0.2 0.25 03 0.35
Normalized Rotatioq 0/6

Figure 4.156 (b) Eurocode3 Classification of Aziánamini: 8S4



O E:(P(fimcnlål Dåts

-Modifi.d 
Fundion

Top ¡nd Sc¡t .Ang¡c Con¡ccüon rLh
Dorbl. lrycb ADtl.t
f,ls'llsþSlzg: t50 Ì 100 x l0 ¡( 200

!¿eþ.&sb!!zs 100x90 x6 x l,l0
Bges!W200 X3l ÙL=100 kN-m
Fålcncrs: Ài25 20ø
Mltcriâ¡: .436

0 0.01 0.02 0.03
Rotational Defomation (radians)

Figure 4.157 (a) M-$ curve for Azizinamini: 8S5

â30

2

620

l0

Table 4.157 M-Q data for Azizinamini: 8S5 (1985)

Moment, M Rotatioq Q

0 0.05 0.t 0.t5 0.2 0.25 0.3 0.35
Normalized Rotatioq ø0e

Fþre 4.157 (b) Eurocode3 Classification of Azizinamini: 8S5

0.0206

0.0222
0.0239
0.0255

0.0270
0.0284
0.0299
0.0318

0.0338
0.0355

o.0372

0.03E6

0.0400

36.362
36-926

37.408

37.889
38.370
38.802

39.23s
39.667
40.376

41.086
41.358
41.630

42.062

42.494

Moment, M Rotation, ô

I

> o.s

6)

ã 0.6

't
.! 0.4

2 o.,

00
1.641 0.0002

3.282 0.0003
4.923 0.0005

6.920 0.0007
8.917 0.0009
10.495 0.0012
12.073 0.0015

13.651 0.0018
15.096 0.0021

t6.542 0.0024
t7.987 0.00n
20.026 0.0033

22.M5 0.0040

kN-m

23 .640 0.00/16

2'5.215 0.0053

26.997 0.0062
28.778 0.W72
30.335 0.0085

31.893 0.0098
32.814 0.0108
33.73s 0.0119
34.234 0.0133

34.733 0.0148
35.232 0.0163

35.797 0.0177



Table 4.158 M{ data for Azizinamini: 856 (1985)

Momeng M

1.297

2.595
3.576
4.558

5.922
7.2a5

8.250

9.215
10.656

12.098

13.539

Rotatioq 0
radians

0
0.0002
0.0004

0.0006
0.000E

0.0012

0.0016

0.0018

0.0021

0.0026
0.0031

0.0036

0.0042

0.0048
0.0054

Momeng M Rotatioq {

28.928 0.0262
29.476 0.028t
30.023 0.0300
30.47t 0.0317
30.919 0.0333
3t .284 0.0349
3t.649 0.0365
32.080 0.0385
32.512 0_0405

14.E03

16.067

16.981

17.896 0.0060
t9 .259 0.0073
20.622 0_0085

2t.620 0.0100
22.617 0.0114
23.5t4 0.0134
24.411 0.0153
25.274 0.0172
26.138 0.0192
26.902 0.0209
27.666 0.0227

E
Z20
È9

Ë

o
ãro

0 0.01 0.02 0.03
Rotational Deformation (radiars)

Fþre A.158 (a) M-0 curve for Azizinamini: 856
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Wcb Andc Sizc: 100 xm x6 x t,rc
E9å!iW200 X 3l Ùl¡=I00 kN-m
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I
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ã 0.6
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E
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I
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i
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I
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Normalized Roøtion, flS,

Figure 4.158 (b) Eurocode3 Classification of Azizinamini: 856



Table 4.159 M-$ data for Azizinamini: 8S7 (1985)

Moment, M Rotatioq 0

t.3t2
2.623

4.516
6.757

E.999

10.571

t2.t42
t3.7t4
15.955

18.197

19.813

0
0.0003

0.0005

0.0008
0.0013

0.0017

0.0021
0.0024
0.0028
0.0033
0.0039
0.0043

Moment, M RotatiorL ö

40.568 0.0226
41.297 0.0246
41.a27 0.0261

42j57 0.0n7
42.n4 0.0294

43.45t 0.0310

44.015 0.03n
u.57A 0.0343

u.976 0.0356

45.373 0.0368

45.937 0.0385

46.500 0.ot02

2t.429 0.(M8
23.0U 0.0053

2s .037 0.0060
27,029 0.006?

29 .054 0.0077

3l.tt2 0.0089

32.87t 0.0101

34.099 0.0114

35.062 0.0126

36.024 0.0139

37.069 0.0155

38.114 0.0172
38.976 0.0189

39.838 0.0206

i30z&
Ë,

Ëroo

l0

0 0.0¡ 0.o2 0.o3
Rotâtional Deformation (radians)

Fþre 4.159 (a) M{ curve for Azizinamini: 8S7
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Eg!E\¡t2(x) X3l ltr=100 kN-m

lÉ@GrA325 20ø
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è
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ã 0.6

€
-! 0.4

2 0.,

o 0-05 o.l 0.r5 02 0.25 0.3 0.35
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Fþre 4.159 (b) Eurocode3 Classification of Azizinamini: 8S7



Table 4.160 M{ data for Azizinamini: 8S8 (1985)

Moment, M
kl.l-m

0
1.656

3.3t2
4.914
6.516
7.941
9.365
10.807

12.250

13.656
15.063

17.t99

19.t22
21.294

23.466

Rotation, {

0.0002
0.0005

0.0007
0.0010
0.0012
0.0014
0.0016

0.0019
0.0022
0.0024

0.0029

Moment, M Rotatio4 0
kl.I-m

42.980 0.0244
43.62t 0.025E

44.p.4 0.0274
45.188 0.0293
45.687 0.0306
46.22t 0.03 17

46.7s5 0.0328
47.129 0.0338
47.503 0.0348

2s.710 0.0059
27 .8A2 0.007 I
29.9t2 0.0085
32.369 0.0 l0 I
34.292 0.0118
36.286 0.0137
37.67s 0.0156
38.956 0.0t72
39.669 0.0183
40.381 0.0194
4t .520 0.02t2

0.0035

0.0042
0.0051

47.966 0.0362
48.713 0.037E

49.497 0-0395

.lO

zto
t9
=
Êzo
à

¡0

0 0.01 0.02 0.03
Rotational Ddormation (radians)

Fþre A. 160 (a) M4 curve for Azizinamini: 8S8
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-Modiñcd 
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Mâtcrisl: .À36

I

ã o.s

g
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EI
.! 0.4

2 o.z

0

Fþre À160 (b) Euröcode3 Classification of Azizinamini: 8S8
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Table 4.161 M-S data for Azizinamini: 8S9 (1985)

Moment, M Rotatio4 0

0
1.882

3.765
5.399
7.033

8.437

9.840
I t.315
12.789

t4.673
t6.5s7
l8.l2l
19.686

22.284
24.t88
26.093

28.766
31.439
33.867

36.438
38.513

39.552
40.591

4t.489
42.387

43.089

0.0001

0.0003

0.0004
0.0006
0.0008

0.0009
0.0011

0.0012

0.0015
0.0018
0.0021

0.0024

0.0031

0.0037
0.0043

0.0054
0.0066
0.0081

0.0098

0.01t4
0.0125

0.0135

0.0146
0.0157
o.ot67

Moment, M Rotatior\ 0
lù.I-m

u387
44.983
45.776

46.569
47.254
47.940
48.737

49.535
s0.026

50.517
51.005

51.494

51.842
52.190
5?..537

52.883

53.573

0.0177

0.0188
0.0199
0.021I
0.0224
0.0236

0.0248
0.0265
0.0282
0.0294
0.0306
0.0316

o.0327

0.0338
0.0349
0.0359
0.0369

0.0385

4
tr
ù,
È930

g
ó20
à

¡0

0 0.0r o.02 0.03
Rotational Deforr¡ation (radians)

Figure A.16l (a) M-S curve for Azizinamini: 8S9
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-Modificd 
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FlÊ AñÊlê Size lJo x 90 x l0 x 150

!4eÞlþs¡e.jglzs l(x) x 90 x6 x l,to
&g!8W200 X 3l l4-l(x) tN.rn
þ@alÍÌ25 20 ø
Matêrirl: 436

I

¿
È o.t

g
ã 0.6

¿
EI
.! 0.4

20.,

0 0.05 0.1 0.15 0.2 0.2s 0.3 0.35
Normalized Rotatio4 $ft o

Figure A.16l (b) Eurocode3 Classification of Azizinamini: 8S9



Table 4.162 M<þ data for Azizinamini: SSlO (1985)

3.110

6.220
9.330
t2.820
16.310

19.,t08

22.507
2s.095
27.683
30.27t
33.761

37.252

40.209
43.166

45.304
47.442
49.332
51.22t
49.727

5 t.51I
53.295

54.864
56.434

57.E26

59.218

0
0.0001

0.0001
0.0002

0.0002

0.0003
0.0005
0.0006
0.0008
0.0009
0.0010

0.0013

0.00r6
0.0020

0.0025
0.0031

0.0037
0.00,t4
0.0051

0.0057
0.0067

0.007E

0.0087

0.0097

0.010E

0.0119

Moment, M RotatioD, ö

60.550

61.882
63.214

&.32t
65.428
66.108

66.788
67.468
68.I48
70.644
7t.288
7t932
72.576
72.970
73.364

0.0137
0.01,{6

0.0157
0.0t68
0.0179
0.0190
0.0202
0.o2t3
0.0225
0.0234
0.0244

0.0253

0.0261

0_0269

60

Êso
z
êl+o
Ë
o)
E30

à
20

0 0.01 0.02
Rotational Defomution (radians)

Figure A 162 (a) M-{ curve for Azizinamini: 8S l0
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0

F¡rcncrs: À125 20 ø
Matcrial: À16
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Normalized Rotatio4 þft"

Figure 4.162 (b) Eurooode3 Cl¿ssification ofAzizinamini: 8Sl0



Table 4.163 M{ data for Azizinamini: l4S1 (1985)

Moment, M Rotatior¡ $

2.909
5.819

a.728
10.891

14.009

17.t26
19.982

22.837

2s.692
28.439

30.894

33.349

36.427
39.505
41.921

44.336
46.959
49.582

53.086
55.381

57.676
s9.769

61.86t
63.289

64.7t7

0.0001

0.0002
0.0003
0.0005
0.0006
0.000?
0.0009

0.0010

0.0012
0.0015

0.0018

0.0020

0.0023

0.0025
0.0029
0.0032
0.0036
0.0039

0.0048

0.0054
0.0060

0.0069

0.0078

0.0087

0.0096

Momenl, M Rotatioq 0

67.415
68.431
69.447
70.218
70.989
7t.929
72.K2
73.796
74.815
75.833

76.938

78.042

78.978
79.913
81.060
42.207

0.0118
0.0129

0.0141
0.0154
0.0167

0.0182

0.0194
0.0205
0.0218

0.0230

0.0244

0.0258

0.0271
0.0283
0.0298

0.0313

70

^60E
Zso
c9
Ë40

Ëro
20

l0
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0 0.01 0.o2
Rotational Deformation (radians)

Fþre ,A'.163 (a) M-0 curve for Azizinamini: l4Sl
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-Modificd 
Fur¡cliorr

ToD ¡nd SG¡t AnElê Conr¡.cdon 
'lLhDoublê Wcb An8l.s

Fle Andc Size 150 x 100 x l0 x 200
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E!ê4: w360 X 57 L4-3021N-m
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Fþre 4.163 (b) Eurocode3 Classification of Azizinamini: l4Sl



Table 4.164 M-S data for Azizinamini: 1452 (1985)

Moment, M Rotatioq {
kl.{-m radians

0
5.568

I1.136
16.665

22.t94
27.764
33.335

37.271
4t.207
45.143
50.800
56.457

59.577

62.697

67.276

70.n4
73.272
76.438
79.&5
85.194

87.701

90.209
92.305
94.400

95.744
97.088

0.0001

0.0002
0.0005

0.0007

0.0010

0.0012
0.0014

0.0016
0.0018
0.0023

o.0027

0.0030

0.0033

0.0038

0.0043
0.oo47

0.0052
0.0058

0.0071

0.0080

0.00EE

0.0099

0.0110

0.0118

0.0L27

Moment, M Rotatio& ó

97.447 0.0142
98.879 0.0154
100.481 0.0167
102.083 0.0lEl
t03.932 0.0193
104.023 0.0197
l02.E7t 0.0204
104.108 0.0215
105.345 0.0225
106.582 0.0236
107.8t8 0.0246

109.054 0.0257

ll0.29l 0.0267
IlI.75l 0.0n8
ll3.2l0 0.0290
tt4.670 0.0301

120

¡00

êro
ù
È9

Ë60

o
>40

20

0 0.01 o.o2
Rotational Deformation (radians)

Figure 4.164 (a) M-0 curve for Azizinamini: l4S2
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Mârcrill: .A36
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Fþre 4.164 (b) Eurocode3 Classification of Azizinamini: l4S2
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Table 4.165 M{ data for Azizinamini: l4S3 (1985)

Moment, M Rotation, 0
ld.[-m radiam

0

2.926
5.852

8.179

11.817

14.855

17.893

2t.065
24.237

27.409

30.426
33.444

36.46t

0.0002

0.0004
0.0006

0.0009

0.0012
0.0014

0-0018
0.0021

0.0024

0.0027
0.0031

0.0034

Moment, M Rotatio4 0
lùil-m radians

66.9A7 0.0166

68.342 0.0181

69.698 0.0196

70.67t 0.0208

7t.644 0.0220
72.618 0.023 I
73.840 0.0246
75.063 0.0261

76.184 0.0275
77.305 0.0289
78.390 0.0301

79.475 0.0314

38.857 0.0037

40.324 0.0040

42.989 0.(M5
45.654 0.0050

47.9s7 0.0056
50.259 0.0062
52.366 0.0070
54.473 0.0078

s7.953 0.0093
59.567 0.0103

61.180 0.0114

62.663 0.0126

64.147 0.0138

60

jso
È9

Ë40

ã30
à

m

t0

0

0 0.01 0.02
Rotational Deformation (radians)

Figure 4.165 (a) M-0 curve for Azizinamini: l4S3
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Figure 4.165 (b) Eurocode3 Classification of Azizinamini: l4S3



Table 4.166 M-.rþ data for Azizinamini: l4s4 (1985)

Moment, M Rotatioq ó

4.456
8.911

t3.434
t7.956
22.445

26.935
31.459

35.983

&.475
44.967

49.627

54.288

0
0.0002
0.0004
0.0005
0.0007

0.0009
0.001r
0.0015

0.00t8
0.0022
0.0025

0.0031

0_0036

Momeng M Roøtio4 g
kl.I-m radians

47.274 0.0180
E8.355 0.0192
89.436 0.0203
90.651 0.0215
91.E66 0.0228
93.082 0.02,10

94.207 0.0252
95.333 0.0264
96.458 0.0275

58.286 0.0043
62.285 0.0050
65.25t 0.0056
68.2t7 0.0062
70.a 0.0069
73.425 0.0077
76.969 0.0091
78.M5 0.0100
79.922 0.0110
81.337 0.0t22
82.752 0.0135
83.E99 0.0146
85.046 0.ols8

n.449
9E.440

99.431

80

Ê
Z60
2

Eoo
¿

20

0.0286
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0.0307

0 0.0t 0.02
Rotationâl Defonnâtion (radians)

Fþre A 166 (a) M4 curve for Azizinamini: l4S4
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Figure 4.166 (b) Eurocode3 Classifcation of Azizinamini: t4S4
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Table A. I 67 M-r{ data for Azizinamini: l4S5 (l 985)

Moment, M Rotatioq 0
kN-m radians

00
5.520 0.0001

11.040 0.0002
14.736 0.0003

t8.432 0.0005

23.329 0.0007

28.2n 0.0010

32.235 0.0012

36.243 0.0014

40.t62 0.0017
44.081 0.0020
48.M5 0.0023

52.809 0.0025

56.061 0.0029

59.313 0.0032

64.747 0.0037

70.005 0.0045

74.2a3 0.0051
7B.tt1 0.0059

8t.862 0.0067

85.966 0.0079

89.002 0.0092

89.E99 0.0101

n.795 0.0109

91.870 0.0118

92.945 0.0tn

Moment, M Roørion, 0

93.853 0-01s0

95.553 0.0162

97 .252 0.0 173

99.400 0.0187

l01.0ll 0.0200

t02.623 0.02t2
104.099 0.0222
105.575 0.0232
l07.E0E 0.0241
109.285 0.0252
tt0.762 0.0264

lt2.l05 0.0273

tt3.447 0.0283

I15.01I 0.0291

t16.576 0.0300

117.831 0.0312

Çro2å
ë,@
ts

!lo
7rt

o 0.01 0.02
Rotational DdomÞtion (radians)

Fþre 4.167 (a) M4 curve for Azizinamini: l4S5

O E)AcriñÊíf¡l Dat¡
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Top ¡nd S..a Antlc CoÍnccllo¡ tLh
Iroublc Wcb Anglc!
ElsJþ8þqlzs 150 x 100 x l0 x200
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I
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ä 0.6

'cl
.! 0.4
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Figure 4.167 (b) Eurocode3 Classification of Azizinamini: l4S5



Table 4. 168 M{ data for Azizinamini: t4S6 (1 985)

Moment, M

4.455
8.9I0
13.723

18.535

23.347
28.159
32-973
37.787
42.424
47.062
5t.434

55.805

60.178
64.550

6E.479

72.409
75.943

Rotâtion, 0
radians

0
0.0002
0-0003

0.0005

0.0007

0.0009
0.001i
0.00t3
0.0016

0.0019
0.0022
0.002ó

0.0029

0.0034
0.0038

0.0042
0.0047
0.0052

Moment, M Rotatiorl 0
kN-m radians

t04.166 0.0141
105.611 0.0149
107.056 0_0156

108.501 0.0165
109.947 0.0173
lll.3l0 0.0183
tt2.672 0.0194
114.030 0.0203
ll5.3EE 0.021I
116.484 0.0222
tt7.579 0.0232

tt8.764 0.0243

119.950 0.0254
t21.4ñ 0.0266
t22.862 0.027E

tz3 .963 0.029 I
125.063 0.0303

79.558 0.005E
85.112 0.0071

E7.892 0.0079
90.673 0.0087
93.097 0.0095
95.52t 0.0103
97.858 0.0tll
100.195 0.0120

120

100

{ro
èl
660
teà40

20

0

0 0.01 o.o2
Rotational Defomation (r¿dians)

Fþre ,4. 168 (a) M{ curve for Azizinamini: 1456

O E)pcri8rcr¡l¡l DâlÁ

-Modifi.d 
Fund¡d

Top ¡nd S.¡t Â!¡Elc Connccto¡
tvfth Doüùlc llrcb AngLr
Ftr AtrÈlc Sizc ¡ 50 x t 00 x t3 r 200
Wcb Andc Sizq 100 x90 x6 x2lJ
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Fslcncrs:4325 20ø
MÃtcriãl: -436

0 0.05 0.1 o.lt o-2 0.25 0.3 o.3J
Normalized Rotation, flþ"

Figure 4.168 (b) Eurocode3 Classification ofAzizinamini: 1456

;
l

i
tl
ì

iitl

i',

t,



Table 4.169 M-$ dataforAzizinamini: l4SB (1985)

Moment, M Rotatioq 0

6.s3t 0.0001
13.063 0.0002

19.594 0.0003
26.363 0.000,,1

33.132 0.m05
39 .902 0.0007
46.672 0.0008
52.285 0.0009

57.897 0.001I
64.223 0.0013
70.549 0.0014

75.450 0.0016

E0.352 0.0018
86.414 0.0021
92.476 0.0024
98.272 0.00n
104.068 0.0030
109.244 0.0034

tt4.42t 0.0039

119.781 0.0045

l25.l4l 0.0051

130.237 0.0059

135.332 0.0066
t39.723 0.0075
t44.ll3 0.0085

Moment, M Rotatior\ 0

152.015

15s.077
158.139

159.065

161.590

l64.l15
166.204

168.293

170.043

t71.794
173.545

t75.357

177.r70
178.982
180.624

t82.266
183.529

0.0108
0_0120

0.0131

0.0t43
0.0154

0.0165
0.0179

0.0193

0.0203

0.0213
o.0223

0.0234
0.0245
0.0255
o.0269
0.0282
o.0287

It0

160

140

F lzoz
éroo
I
pæ
o
à60

40

m

0

0 0.0t 0.02
Rotational Deformation (radians)

Figure .4'.169 (a) M4 curve for Azizinamini: l4S8
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Figure 4.169 þ) Eurocode3 Classification of Azizinamini: l4S8



Table 4.170 M-$ data for Azizinamini: l4S9 (1985)

Moment, M Rotatio4 þ
lùrl-m radians

00
4.274 0.0002
8.549 0.0003
tt.932 0.0004
15.315 0.0005
2t.t94 0.0008
n.zst 0.0011
31.883 0.0013
36.515 0.0015
40.345 0.0017
44.175 0.0019
47.a29 0.0021

51.483 0.0024

55.494 0.00n
59.505 0.0029
62.493 0.0032
66.2U 0.0035
70.921 0.004r
75.561 0.0046
79.s80 0.0052
83.599 0.0058
87.716 0.0067
91.833 0.0077
96.852 0.0091
99.9t4 0.0106
t02.o79 0.0117

Moment, M Rotation, ô

t0s.694 0.0139
to7.l44 0.0149
108.684 0.0160
llo.224 0.0170

lll.233 0.0182
lt2.24t 0.0193
112.443 0.0203
112.645 0.02t2
t13.472 0.0222
tt4.299 0.0232
115.930 0.0243

1t6.577 0.0253

tt7.224 0.0262
118.313 0.0271

119.402 0.0n9
t20.493 0.0288
l2l.5E4 0.0297

100

F¡oz
Ë60
Ë

Þø

20

0 0.0t o-02
Rotational Deformation (radiam)

Fþre 4.170 (a) M-0 curve for Azizinamini: l4S9
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Figure 4.170 (b) Eurocode3 Classification of Azizinamini: l4S9



Table A. 171 M-S data for Azizinamini: l4WS I (1985)

MomenL M Rotatioq 0
lcl,{-m

00
4.295 0.0000

8.590 0.0000

12.885 0.0000

16.043 0.0003

19.2ß2 0.0005

23.s6r 0.0008

28.454 0.0012

33.439 0.0017

38.246 0.0022
4t.3r6 0.0025

M.386 0.00n
47.t92 0.0031

49.998 0.0035

55 .252 0.0042

59.975 0.0050

Moment, M Rotatio4 {

92.596 0.0160
94.392 0.0171

95.920 0.0181

n.449 0.0192

99.517 0.0206
100.600 0.0216

101.682 0.0225
103.029 0.0233
104.376 0.0242
106.267 0.0256

106.726 0.0265

107.185 0.0273

ßa.n6 0.0288

109.136 0.0?.97

109.996 0.0307

65.233
69.692
14.599
77.t46
79.692
81.705
83.718

85.509

87.300

89.049

0.0059

0.0068
0.0080

0.0088

0.0097
0.0105

0.0113

0.0121

0.0129

0.0138

^80
à
ë- eo

É

Ë*

20

0 0.01 0.02
Rotational Ddomatiotr (radiaß)

Fþre AlTl (u) M-ô curve for Azizinamini: l4WSl
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Fþre A.l7l (b) Eurocode3 Classiûoation of Azizinamini: 14\¡/S I



Table A-172 M-{ data for Azizinamini: l4WS2 (1935)

Momeng M Rotation, 0

0
6.439
t2_878

16.565

20.252
24.60s
28.958
33.045

37.132
42.331
47.531
52.729

57.928

62329
6.729
72.st0
77.091
41.672
88.788

9s.552
100.631

106.248

109.461

l12-673

tt5.t76
1t7.678

0.0000
0.0001
0.0002

0.0003

0.0004
0.0005

0.0006
0.0007

0.0010
0.0012
0.0014

0.0017

0.0019
o.0022
o.0027

0.0032
0.0036

0.0043
0.0052

0.0062

0.0075

0.0084
0.0093
0.0103

0.ott2

Momenl M Rotatioq 0

123.4A6 0.0133
125.189 0.0t42
t26.89t 0.0lsl
128.325 0.0159
129.759 0.0166
130.620 0.0176
131.480 0.0186
t32.960 0.0195
134.44t 0.0204
13s.432 0.0212
136.424 0.0221

t37.725 0.0229
139 .027 0-0237

140.106 0.0245
l4l.l85 0.0253
l4l.9l3 0.0263
142.640 0.0273
143.461 0.0285

l.+0

tm

â100

ù
é80

pø
o
¿

,m

m

0

0 0.01 o.o2
Rotational Defonnation (radians)

Fþre 4.172 (a) M4 curve for Azizinamini: l4WS2
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-Modiñcd 
Furdiod
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rl.h Douùlc lücb .Angl6
Flq Anelc Sizc: 150 x 100 x t3 x 200
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0

Figure 4.172 (b) Eurocode3 Classiñcation of Azizinamini: l4WS2
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Table 4.173 M-$ data for Sommer: Test 5 (1969)

Moment, M Rotatio4 {
kN-m

00
2.102 0.0002

4.836 0.0004

7.ss9 0.0008
12.993 0.00 I r
lE.4t6 0.0014
23.896 0.0021

29.377 0.OO27

33.444 0.0036
37.511 0.0045
43.782 0.0087
50.053 0.0128

54-177 0.0170

58.300 0.0212
61.388 0.0252

ÀÍoment,M Rotation, {

96.376 0.0647

99.087 0.0661

105.641 0.0688
ttl.t77 0.0710

115.470 0.0729
ttg .764 0.0748
r23.7r9 0.0769
127.674 0.0790
132.758 0.0830
t37.U2 0.0869
t40.66 0.0900

143.490 0.0930

145.185 0.0961
146.880 0.099t

64.476 0.0292
67.565 0.0332
70.804 0.0369
74.043 0.0,105

77.282 0.0442
79 .466 0.0476
E1.650 0.0509

83.834 0.0543
86.660 0.0576
89 .372 0.060 I
90.952 0.0616

120

Êloo
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3ro
Ë
Éeoo
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.t0

20
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o oooo
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0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.0t 0.0!)
Ibtational Ddormation (radians)

Fþre 4.172 (a) M4 curve for Sommer: Test 5
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Figre A.172 (b) Eurocode3 Classification of Sommer: Test 5



Table 4.174 M-þ data for Sommer: Test 6 (1969)

MomenÇ M Rotation, {

2.960 0.0025
4.598 0.0045
6.237 0.0065
7.869 0.0084
9.502 0.0102
11.682 0.0125
13.863 0.0147
16.043 0.0170
17.851 0.0191

19.659 0.0213
21.467 0.0234

Moment M Rotatio4 þ

97.U5 0.0290
102.195 0.0302
106.544 0.0313
tt2.025 0.0331
117.505 0.0349
122.589 0.036E
127.674 0.0387
t29.933 0.0407
132.192 0.0426
t37.277 0.0444
t42.36t 0.0,t61

t45.75t 0.0481

149.140 0.0502
152.s30 0.0522
t54.225 0.0542
155.919 0.0561
151.400 0.0567
t46.203 0.0570
141.006 0.0573
135.808 0.05n
130.611 0.0580
t2s.4l3 0.0583

23.839

27.tt6
3t.974
35.703
4t.t26
46.776

51.577

56.379
60.785

6s.t92
70.615

76.038
81.405

K.772

0.0237

0.0242
0.0248
0.0250

o.0252
0.0254
0.0256

0.0257
0.0259

0.0260

0.0262
0.0264
0.0269
0.0274

tzo

'! lo0

-80
ã60

40

20

0

oooooooooooo

O E pcri¡ncrtsl D¡rr

0 0.0t 0.02 0.03 0.04 o.o5
Rotational Ddormation (radians)

Figure ,4'.174 (a) M-0 curve for Sommer: Test 6
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Figure A.174 (b) Eurocode3 Classification of Sommer: Test 6



Table .4*l75 M{ data for Sommer: Test 7 (1969)

Moment, M Rotation, +

2.972 0-0004
6.260 0.0016

9.548 0.0028
12.852 0.0035

16.t57 0.0øl
19.998 0.0054

23 .A39 0.0067

2ß.579 0.0089

29 320 0.0 l I I
32.060 0.0133

34.800 0.0155

36.438 0.0173

38.075 0.0191

40.787 0.0205
43.499 0.0215
47 .905 0.0231
53.442 0.0235

57.227 0.A237

61.012 0.0239

64.854 0.0241

68.695 0.0243
74.175 0.0246
79.654 0.0248
85.134 0.0251

90.614 0.0253

Moment, M Rotatio4 {

l0l.6l I
l07.ll0
1r2.307
117.505

t23.154
128.803

134.4s3
140.102

r45.751

150.835

155.919

161.568

167.2t7
t72.867
t78.5t7
180.212

181.906

l8t.34l
180.776

t74.561
t68.347
162.133

155.919

0-0258
0.0261
0.0266
o.o27l
0.0283
0.0296

0.0308
0.0325

0.0342
0.0359
0.0376

0.0393

0.0409

o.0432
0.(X55
0.0478
0.0501
0.0519

0.0537

0.0542
0.0548

0.0553
0.0558
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Fþre 4.175 (a) M-ô curve for Sommer: Test 7
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Fþre 4.175 (b) Eurocode3 Classification of Sommer: Test 7



Table 4.176 M-g data for Sommer: Tesr S (1969)

Momenl, M Rotatior\ 0

2.983

5.050

8.429
tt.n6
ts.704
19.433
22..202

24.970
27.625

30.280
32.99t

35.703

38.414

4t.t26
43.838

46.549
50.617

54.684
57.792

60.899
62.933

65.588
68.U2
69.429
70.6ts

0.0003

0.0005
0.0008
0.001I
0.0016
0.0021
0.0025
0.0029
0.0033
0.0037
0.0044

0.0050

0.0059

0.0067

0.0076
0.0084

0.0104
0.0123
0.0144
0.0165

0.0185

0.0209
0.0232
0.0246
0.0259

Moment, M Rotatioq 0
ld.l-m radians

76.660 0.027s
79.428 0.0279
83.524 0.0282
87.62'0 0.0285
91.716 0.0287
95.An 0.0290
99.389 0.0292
102.967 0.0295
t06.544 0.0297
110.330 0.0301
ll4.ll5 0.0305

n7.881 0.0307

t2t.647 0.0309
125.4t3 0.031I
t29.933 0.0315
t34.4s2 0.0319
138.972 0.0323
143.491 0.0328
148.010 0.0332
t52.530 0.0337
155.355 0.0353
158.179 0.0368
160.439 0.0392

t60

l,l0

120

E
4 roog
Ë80
Ë
.960¿

.10

O E)(Pcrimñtal DatÂ

-Modificd 
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20

0

0 0.0t 0.02 0.03
Rotational Defonnation (radians)

Figure 4.176 (a) M-0 curve for Sommer: Test 8
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Figure A 176 (b) Eurocode3 Classification of Sommer: Test 8



Table A.177 M<þ data for Sommer: Test 9 (1969)

Moment, M Rotatio4 0
lù,I-m r¿dians

3.006 0.0002
6.294 0.0004
10.779 0.0006

15.140 0.0009
20.676 0.0012
24.46t 0.0015
28:{6 0.0017

32.t44 0.002t
36.042 0.0024
40.336 0.0029

44.630 0.0034

48.471 0.0039

52312 0.00,14

56.2t0 0.0050

60.108 0.0056
64.458 0.00ó+

68.E08 0.0072
74.401 0.00EE

79.993 0.0103
85.190 0.otz2
88.844 0.0139
92.497 0.0155

96.151 0.0t72
99.427 0.0194

t02.704 0.02t7

Moment, M Rotation, +
lù.I-m radians

t07.E45

109.709

I13.041
116.374
118.634

120.894

t24.849
128.803

r34.4s2
l40.l0l
t45.75t

151.400

t57.6t4
163.82E

t58.743
153.659

147.727

14t.796
135.86¡t

t29.932

0.0252
0.0265

0.0283
0.030i
0.0317
0.0333
0.0343

0.0353

0.0361

0.0369
0.0381

0.0393

0.0407
o.Q420

0.0435
0.0450

0.0454
0.0459
0.0463

0.0467
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Fþre 4.177 (a) M<þ curve for Sommer: Test 9
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Table 4.178 M-$ data for Sommer: Test l0 (1969)

Moment, M Rotatio¡L {

2.746
7.1t8
9.853

t2.54t
18.077

20.789

23.500

26.212
28j24
30.336
31.749

33.105

34.46t
35.8I7
37.173
40.448

0.000,6

0.0016

o.0022
0.0029

0.0047

0.0057

0.0070
0.0086

0.0106
0.0121
0.0136

0.0159

0.01E2

0.0210

0.0238
0.0251

Moment, M Rotation, 0
lù.I-m radians

102.816

108.466

l14.l15
119.200

124.284
t29.932
135.582

138.407

14t.232
t44.056
146.E80

147.106

t47.332
147.559

t47.785
148.0ll

t4 0.0316
0.0320
0.0325

0.0329
0.0339

0.0349
o.0367

0.0394
0.0411
o.0427
0.0446
0.0464

0.0491

0.0517

0.0544
0.0s70

0.0597
43.160 0.0269
48.132 0.0282
52.t99 0.0286
56.267 0.0289
63.102 0.0294
69.938 0.0298
76.774 0.0303
83.609 0.0307
90.012 0.03 t I
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Table 4.179 M-$ data for Sommer: Test I I (1969)

Moment, M Rotatio4 {
kl.{-m radians

2.t35 0.0001
7.819 0.0005

9.186 0.0006

16.609 0.0012
2t.920 0.0017
26.269 0.0022
30.618 0.0027
36.042 0.0036
43.725 0.0052
48.t32 0.0068
51.408 0.0089

s4.6U 0.0110

57.96t 0.0139

60334 0.0169
62.707 0.0198

64.684 0.0226
66.662 0.0253

Moment, M Rotation, 0
ll.{-m radians

92.874
99.314

104.850

lll.404
118.973

126.543

132.569
138.595

tu.62l
t51.777
158.932

166.088

169.478

173.244
tTt.oto
180.776

n2.a67

0.0474
0.0481
o.0492
0.0499

0.0s06
0.0512
0.0518

0.0532
0.0545

0.0559
0.0576
0.0592

0.0609

0.0638

0.0669
0.0700
0.0731

0.0765
68.092 0.0279
69.523 0.0305
70.954 0.0331
72.837 0.0363
74;12t 0.0396
76.604 0.0428
78.t29 0.0449
79.654 0.0469
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Table 4.180 M-þ data for Sommer: Tesr t2 (1969)

Moment, M RotatiorL {

0
2.t35
5.141
7.870
10.598

13.208

ls.8l8
18.s30
2t.242
25.648
30.054

34.t22
38.189

41.748
45.307

49.036
52.764
56.493

61.163

65.833
70.503

73.892
77.2A2

81.80t
86.321

90.238

0.0002
0.0003
0.0005
0.0006

0.0008

0.0009

0.0011

0.0013

0.0017
0.0021

0.0025

0.0028

0.0032
0.0036
0.0040

0.0045
0.0049
0.0056

0.0064

0.0071

0.0078
0.0085

0.0100
0.01l4
0.0136

Moment, M Rotation, S

98.071

1w.726
103.381

106.037

108.692

110.048

l l l.,+04

112.759
l14.ll5

0.0157
0.01?9

0.0204
0.0229
o.0254

0.0279
0.0299

0.0320

0.0340
0.0360

ll5.8l0 0.0387
117.505 0.0413

116.375 0.0435

tt5.245 0.0458
ll4.ll5 0.0480
110.019 0.0495
105.923 0.0509
l0l.82E 0.0524
97.732 0.0538
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Fþre 4.180 (a) M4 curve for Sommer: Test 12
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Table A.l8l M4 data for Sommer: Test 13 (1969)

Moment, M Rotatio¡L lù

4.192
8.383

13.785

19.208

24.631

28.247

31.862

35.478
3E.613

4t.748
44.884

48.019

54.459

63.950
73.441
a4.2A7

95.t34
to3.269
I I1.404
r22.024
130.498

ß8.n2
145.751
152.530

159.309

0
0.0014
0.0028

0.0048

0.0073

0.0096

0.0llE
0.0139

0.0161

0.0189
o.0217
o.0244

0.o272
o.0275
0.0m
o.0n8
0.0282
0.0284

0.0286

0.0287

0.0291

0.0293
0.0294
0.0296
0.0298
0.0301

MomenL M Rotation, ô

166.088 0.0303

t72.86it 0.0306

t79.646 0.0309

1E6.425 0.0314

t93.204 0.0318

199.983 0.0328

206.763 0.0338

213.542 0.0352

220.321 0.0365

227.1W 0.0386

233 .879 0.0,()7
u0.65a 0.0435

247.437 0.0462

250.073 0.0485

2s2.709 0.0509

255.346 0.0532

255 346 0.0556
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Table 4.182 M-$ data for Sommer: Test 14 (1969)

Moment M Rotatioq 0

13.897

22.t45
30.393

44.064

50.900
57 -735
61.3E8

65.042
68.695

70.887
73.079

75.27t
T1.463

79.654

0.0023

0.0038

0.0049
0.0070

0.0087
0.0104
0.0t23
o.ol43
0.0162

0.0185
0.0209

0.0232
0.0256

0.0279

Moment, M
kN-rn

218.061 0.0364
227.100 0.0368
235.574 0.0372
244.04E 0.0375
254.781 0.0387
265.514 0.0398
276.aß o.o42t
28B.tt2 0.0444
294.609 0.0471
301.105 0.0499
307.602 0.0526

314.099 0.0553

Rotation" {

E1.067 0.0296
82.479 0.0312
92.874 0.0320
103.833 0.0325
ll8.0l3 0.0330
l3z.t92 0.033s
142.926 0.0339
153.659 0.0342
167.217 0.0347
t80.n6 0.0351
194.334 0.0356
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Table 4.183 M-S datafor Sommer: Test 15 (1969)

Moment, M Rotatio4 0
kl.I-m radians

8.519 0.0006
14.010 0.0014
24.E56 0.OO27

35.817 0.0038
44.00E 0.0050
52.t99 0.0061
60.390 0.0092
68.5Er 0.0122
71.881 0.0154
75.180 0.0186
7E.479 0.O2t9

81.778 0.0251

85.078 0.0283
a737s 0.0317
89.672 0.0351

91.969 0.0385
95.924 0.0408
101.460 0.0413
108.917 0.0420

1t6j74 0.0427

125.413 0.0434
134.453 0.0441
145_186 0.OM7

155.919 0.0453
tæ.841 0.0462

Moment, M RotatioD. ô
kN-m

188.685

199.983

2l1.281
220.321
229360
234.963

248.567

255j46
262.125

265.514
26A.904

0.0472
0.0481
0.0498

0.0515
0.0540
0.0564
0.0596

0.0628
0.0658

0.0688
0.0720
o.0752
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Figure Al83 (a) M-S curve for Sommer: Test 15
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Table 4.184 M{ data for Sommer: Test l6 (1969)

Moment, M RotatiorL 0
kN-m radians

t2.428
24.856
35.817
44.008

52.t99
65.870
79.542
87.733
95.924
l03.ll8
I10.31I

117.505

tzt.742
t25.979

0
0.0006

0.00I I
0.001E

o.0024
0.0029

0.0043

0.0057
0.0074
0.0090
0.0124
0.0159

0.0193

0.0226
0.0259

Moment, M Rolatioq {

194.334 0.0582
202.808 0.0592
ztt.¿Et 0.0601

2l9.l9l 0.0612
227.t00 0.0623
235.s74 0.0635
2U.048 0.0646
254.78t 0.0665
265.5t4 0.06E4

276.24A O.Vnz
286.982 0.0739

293.196 0.0778
299.4t0 0.0E16

130.2t6 0.0292
t34.453 0.0325
137.V2 0.0361
t4t.232 0.0397
144.621 0.0433
t47.634 0,0460
t50.647 0.0488
153.659 0.0515
159.309 0.0533
167.217 0.0s47
t77.386 0.0562
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Table A..185 M-r$ data for Sommer: Test t7 (1969)

Moment, M Rotatioq 0
kl.I-m r¿dians

0

4.?,03

8.406

I1.152
13.897

16.609

19320
20.752
22.t83
23.6t4
25.252
26.890

29.150

33.444
36.212
38.980
41.691

u.403
48.188
5t.973
55.626

0.0020

0.0041

0.00s2
0.0062
0.0091
0.0120
0.0r43
0.0166

0.0189
0.0216

0.0242

0.0256

o.o27t
0.02n
0.0282
0.0286

0.0290
o.0294
o.0297
0.0300

Moment, M Rotatio4 0
kl.I-m radians

81.971

86.066

90.162
93.815

97.468
l0t.l2l
to4.737
108.352

lll.968
I14. t71
t16.374

ttg.7u
12L458
123.153

1t8.747
114.340

109.934

105.528

lol.12l
96.715

0.0332

0.0346

0.0359
0.0373
0.0391

0.0410
0.0428
o.0447

0.0466
0.0485

0.0505
0.0524

0.0552

0.0568
0.0583

0.0587
0.0590

0.0594
0.0598
0.0601

0.0605
59.280 0.0304

62.933 0.0307

66.549 0.031I
70.t64 0.0314

13 .780 0.03 18
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Figure 4.185 (a) M-ô curve for Sommer: Test 17
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Table 4.186 M-Q data for Sommer: Test 18 (1969)

Momenq M Rohtion, {

8.406
13.897

19.320

26.890

31.296
35.703

38.414
4t.t26
44.403
44.697
51.973

57.453

62.933
68.356

0.0028
0.0046
0.0067
0.01t5
0.0159
0.0203
0.0237

0.027 |
0.0296

0.0305
0.0311

0.0319

0.0326
0.0334

Moment, M Rotatioq 0

159.309

166.088

172.A67

179.646

186.425

193.204

194.899

196.594

198.289

0.0583
0.0608
0.0632
0.0653

0.0674
0.0706

0.0738
0.0777
0.0816

0.0854

73.780 0.0341
79.259 0.0348
84.739 0.0355
92.930 0.0381
tot.tzt 0.0407
109.313 0.0437
117.505 0.0466
125.413 0.0504
132.t92 0.0524
t38.972 0.0543
145.75t 0.0563

199.983 0.0893
195.465 0.0940

190.380 0.0979
185.296 0.1017
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Table 4.187 M-$ data for Sommer: Test 19 (1969)

Moment, M Rotatioq {

0

14.010

22.202
30.393
41.353
49.601

57.849
60.589

63.328
66.068
68.808
7t.520

74.231
75.587

76.943
78.355
79.767

84.965

87.902
96.151

104.398

tt2.646
126.373

140.101

r50.835

161.569

0.oo22
0.0039

0.0055
0.0093

0.0120

0.0147
0.0182

0.02t7
0.0252
0.0287
0.0319

0.035t
o.0376
0.040r
o-04.29

0.0457

0.0469

o.0474
0.0479
0.0483
0.0487

0.0493
0.0499
0.0503

0.0507

Moment, M Rotatioq {

lao.776
190.379
199.983

ztt.28Z
222.581

236.139
245.742

255.346
262.502
269.654
276.814

279.073

281.333
242.463

2E3.593

0.051I
0.0515

0.0519

0.0522
0.0528

0.0534
0.0550

0.0567

0.0584
0.0614
0.0644
0.0674

0.0713

0.0752
0.07E3

0.0814
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Figure 4.187 (a) M;0 curve for Sommer: Test 19
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Table 4.188 M$ data for Sommer: Test 20 (1969)

Moment, M Rotâtioq 0

6.949

t3.897
24.456
35.703
43.895
52.087

60.27E

68.469
76.604
E4.739

90.200

95.660

l0t.t2l
103.861

106.601

109.341

112.082

114.793
117.505

lt9.0ll
tzo.5t7
122.024
124.284

127.674

133.322

0.0005
0.0009
0.0015
0.0024
0.0031
0.003E

0.0050
0.0061
0.0081

0.0101
0.0131

o.ot62
0.0192

0.0220
0.0248

0.0276
0.0304
0.0338

0.0372
0.0397

0.0422
0.0u7
0.0475

0.0484

0.0489

Moment, M Rotatior\ 0

lu.62t 0.0496
155.919 0.0503
166.653 0_0509

t77.386 0.0514
lE8.l20 0.0521

198.854 0.0528
209.776 0.0536
220.697 0.0544
231.6t9 0.oss2
238.963 0.0563
246.30E 0.0574
248.8s0 0.0601

25t392 0.0628

2s3 .934 0.0655
256.476 0.0682
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Figure A 188 (b) Eurocode3 Classiûcation of Sommer: Test 20



Table 4.189 M-Q data for Sommer: Test 25 (1969)

Moment, M Rotatioq 0
kN-m radians

00
3.232 0.0009
6.463 0.0017
8.757 0.0025
11.050 0.0032
t4.790 0.0046
18.530 0.0060
21.242 0.0075
23 .953 0.0089
26.65 0.0t22
293n 0.0156
32.088 0.01E9

34.800 0.0222
36.608 0.02s8
38.415 0.0295
40.223 0.033 I
4t.692 0.0360
43.161 0.0390
44.630 0.0419
47.34t 0.0453
50.053 0.0486
53.329 0.0493
56.605 0.0500
60.296 0-0510
63.9yl 0.0520
67.67A 0.0530

Moment, M RotatiorL ó

74.834 0.0550
78.411 0.0560
82.065 0.0588

85.718 0.0617
89372 0.0fl5
90.539 0.0670
91.7M 0.0695
92.874 0.0720
88.957 0.0726
85.040 0.0733
81.123 0.0739

O E'Pcrirnc rl Datå

-Modificd 
Function

Hc¡dcr Pl¡.. Coûrccdon
Platc Sizq 305 x 6

&e!È.Ut6l0 X l13 lr4+831d.¡.¡¡
FârÊrêrs:4325 20ø
Mdcri¡l: G¿rc.12

T60z
ti
Ë40o

20

0 0.01 o.o2 0.03 0.04 0.05 0.06
Rotational Ddornation (radians)

Fþre 4.189 (a) Mlþ curve for Sommer: Test 25
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Fþre A. 189 (b) Eurocode3 Classification of Sommer: Test 25



Table 4.190 M<þ data for Sommer: Test 26 (1969)

Momeng M Rotatiot\ 0
kN-m

0

t.915
3.830

5.745
7.660
to327
t2.993
t4.o77
t5.t62
t6.247
t7.331
18.416

21.242

23.237

25.233

27.229
29.941
32.6s2
35.176
37.699

0.0006
0.0012

0.0019
0.0025

0.0048
0.0071
0.0099
0.ot27
0.0156
0.01E4

o.02t2

0.0239

0.0247
0.0254
0-0262
0.0266
o.o270
0.0273
0.o276

MomenÇ M Rotatio¡\ 0
kN-m radia¡s

57.396
59.938

62.480

65.022

67.565
69.147

70.729
72.ßA
73.67

0.0314
0.0333

0.0351

0.0369

0.0388

0.0406
0.0427

0.0w
0.0477
0.0508

75.t35 0.0538
74.684 0.0564

74.232 0.0589

73.780 0.0615
71.3t3 0.0617
68.846 0.0618
66.379 0.0620
63.912 0.0622
61.445 0.0623
58.978 0-0625

40.223 0.0279
42.641 0.0282
4s.059 0.02E6

47.476 0.0289
49.894 0.0293
52.312 0.0296
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Fþre À190 (a) M4 curve for Sommer:Test26
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Figure À190 (b) Eurocode3 Classification of Sommer: Test 26



Table A.l9l M<þ data for Sommer: Test 27 (1969)

Moment, M Rotatiol\ ô
lN-m

00
l't67 0.0006

2.335 0.0013

3.502 0.0019
4.670 0.0026

5.838 0.0032
7.006 0.0039

8.361 0.0051

9.7t7 0.0063

11.073 0.0075

t2.429 0.0087

13.898 0.0116

1s.366 0.0146

16.835 0.0175

17.551 0.0215

t8.266 0.0254

18.981 0.0294
20.450 0.0316

Moment, M Rotatio¡\ ù
kl.l-m radians

32.879 0.0488

34.234 0.0503

35.138 0.0542
36.042 0.0580
36.946 0.0619

37.5tt 0.0659

38.075 0.0699
38.641 0.0747

39.2ú 0.0794
39.460 0.0832

39.115 0.0871

39.969 0.0909

40.223 0.0947

38.867 0.0961

37.511 0.0974
36.156 0.0988
34.800 0.1001
33.4U 0.1015

2t.919 0.0338

23.388 0.0360
24.744 0.0381

26.100 0.0401

27.455 0.0422
28.E1I 0.0442
30.167 0.0457

3t.523 0.0473
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Rotational Deformation (radians)

Figure A.l9l (a) M{ curve for Sommer: Test 27

Ilclilcr P!¡tc Cod¡.cdon
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Figure A- I 9 I (b) Eurocode3 Classification of Sommer: Test 27



Table 4.192 M-S data for Sommer: Test 28 (1969)

MomenL M

0
1.548
2.774

4.000
5.225

6.451
7.107

7.762
8.633
10.022

Rotâtio4 0
radians

0
0.0025
0.0076

0.otn
0.0178

0.0229
o.ont
0.0312
0.0370
0.0386

MomenÇ M Rotâtioq 0
kN-m radians

ll.4t2 0.0402
13.558 0.0415

15.704 0.0427
t7.512 0.0437
19.320 0.0448
zt.tza 0.0458
22.973 0.048E

24.8t9 0.0519
26.665 0.0549
28.303 0.0588
29.941 0.0626
31.579 0.0682
33.2tE 0.0737
35.364 0.0717
36.438 0.0830
37.51t 0.0883

39.695 0.0973
40.787 0.1018
41.889 0.1065
42.990 0.1I 13

44.092 0.n60
45.t94 0.1207
45.194 0.1250
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-oo-^oeoo"

ooo
C)oO O E Frirrcrûl D¡tr

-ModiEGd 

Function

Ec¡d.r ndr Conftcdon
Pl¡lc S¡zc 152 x 6

E93!Ëw310 X39 À4=183 kN-m
FÀstcncrs: 4325 20ø
Malcri¡I: G,lO.¡2

0 0.02 0.04 0.06 o.o8 o.t
Roøtional Deformation (radians)

Fþre Al92 (a) M-0 curve for Sommer: Test 28
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Figure A.192 þ) Eurocode3 Classification of Sommer: Test 28
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Table 4.193 M<þ data for Ostrander: Test I (1970)

Moment, M Rotatioq ù

2.712 0.0003
5.311 0.0006
7.965 0.0009

10.620 0.0011
t3.276 0.0014
15.931 0.0017
18.586 0.0021

2t.242 0.0024
23 .896 0.0030
26.s5t 0.0035
29 .206 0.0043

3t.%2 0.0051

34.5t7 0.0061
37.173 0.0070
39.8n 0.0084
42.4a2 0.0097
45.t37 0.0117
47.793 0.0136
49.412 0.0158
51.031 0.0179
52.651 0.0201

53.526 0.0224
54.402 0.0246
55.278 0.0269

56.154 0.0291

Moment, M Roøtion, 0
kì.I-m

57.397

58.018
58.639

59.185

59.732

60.278
60.824
61.370
61.916

0.0316

0.0340

0.0365
0.0389
0_0416

0.0443
0.0470

0.0496
0-0523

0.0550

50

ê
i40z
-t
Ë30
Êo
Ezo

t0

0 0.01 0.o2 0.03 0.04 0.05
Rotational Deformation (rad¡ans)

Fþre A,.193 (") M-ö curve for Ostrander: Test I

O Expcrincntal Data

-Modificd 
Fundior

nulh End Pl¡L Co¡¡trcc'don

lþqslzer 127 x 13

Bc¡rn: W250X33 I4=t28 tl.¡.û
&gE€ A325 20 ø
!44ed4! 436

I

È o.t

E
ã 0.6

€
.! 0.4

20,

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, flQo

Figure 4.193 (b) Eurocode3 Classification of Ostrander: Test I



Table 4.194 M<þ data for Ostrander: Test 3 (1970)

Momeng M Rotatioq 0

2.655
5.311
7.965
t0.620
t3.276
15.931

0
0.0003
0.0005
0.0009
0.00r2
0.0016

0.0020

Moment, M Rotatio4 þ

1E.586

21.242

23.896
26.sst
29.2M

31.862

34.517
37.t73

52.557 0.0400
53.02E 0.0425
53.499 0.0450
53.969 0.0475
54.440 0.0500
54.911 0.0525

0.0025
0.0030

0.0037

0.0044
0.0054

0.0063

0.0078
0.0093

39.E27 0.0118
42.442 0.0t42
43.810 0.0165
45.137 0.0188
46.465 0.0210
47.793 0.0233

48.508 0.02s7
49.224 0.0280
49.940 0.0304
s0.655 0.0328
st .37 I 0.035 r

40

Ë
2é30:
I
.920à

l0

0 0.01 o-02 0.03 0.04
Rotational Deformation (radians)

Fþre Al94 (a) M-f curve for Ostrander: Test 3

O Exp.rimrnr¡l Dúr

-Modi6cd 
Functioo

Rlrrh Eûd Pl¡L Co ¡€cdo¡
Platc Siz.: 127 x t0
Beâm: W250X33 M--128 kìil{
EÉ@!A32s 20ø
M¡rc¡i¡l: 436

0 0.05 0.1 o.tJ 0.2 0.25 0.3 0.35
NormalÞed Rotatio4 fft,

Fþre 4.194 (b) Eurocode3 Classification of Ostrander: Test 3
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Table 4.195 M{ data for Ostrander: Test 4 (1970)

Moment, M Rotation, 0
kN-m

L32a 0.0003
2.655 0.0005

3.983 0.0008

5.311 0.0010

6.638 0.0013

7.965 0.0016

9.293 0.0018

10.620 0.0021

11.948 0.0026

13.276 0.0030

14.603 0.0035

15.931 0.0039

17.259 0.0053

18.586 0.0066

19.914 0.0080

2r .242 0.0093
2t.920 0.0108

22.s97 0.0123

23.275 0.0137

23.953 0.0152

24.473 0.0167

24.992 0.0182
2s.st2 0.0196

26.031 0.0211
26.55t 0.0226

Moment, M Rotation, 0

27.370 0.0260

n.780 0.0n7
28.190 0.029+

28.599 0.0311

29.009 0.0328

29.418 0.0345

29.828 0.0362

25

Ê20
2
Ë15g
o
>10

0 0.01 0.02 0.03
Rolational Ddormation (radiars)

Fþre 4.195 (a) M4 curve for Ostrander: Test 4
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FlurhEnd Pl¡t Cor¡cct¡on

ÐsllsÞE 127 x 6
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Figure A. I 95 (b) Eurocode3 Classification of Ostrander: Test 4



Table 4.196 M{ data for Ostrander: Test 9 (1970)

Moment, M Rotatioq {
kl.I-m radians

2.655 0.0002
5.311 0.0003
7.965 0_0004

10.620 0.0005
ß.n6 0.0007
15.931 0.0009
18.586 0.0011
21.242 0.0013
23 .896 0.00 16

26.55t 0.0018
29.206 0.0021

3r.862 0.0024
34.5t7 0.0030

37.t73 0.0035
39.827 0.0044
42.482 0.0052
44.798 0.0064
47.tt5 0.0076
49.8E3 0.0100
52.65t 0.0124
54.684 0.0153
56.718 0.0182
58.7 s2 0.02 I t
59 .449 0.0237
60.146 0.0262

Moment M
kN-m

61.539 0.0314
62.236 0.0339
62.933 0.0365
63.540 0.0393
64.148 0.0422
64-755 0.0450
65.362 0.0478
65.969 0.0506
66.577 0.0535
67.t84 0.0563
67.79t 0.0591

Rotation, 0

50

t
Zq
èt
Ê
930
o
ãro

l0

0

0 0.01 o-02 0.03 0.ø o.oJ
Rotational Deformation (radians)

Figure 4.196 (a) M-{ curve for Ostrander: Test 9
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Figure A. I 96 (b) Eurocode3 Classification of Ostrander: Test 9



Table A I 97 M-$ data for Ostrander: Test 1 I ( I 970)

Moment, M Rotatio¡\ 0

2.655 0.0002

5.311 0.0004

7.96s 0.0006
10.620 0.0008
ß.n6 0.0011

ls.93l 0.0013

18.586 0.0017

2r.242 0.0020

23.A96 0.0024
26.551 0.0027

29 .206 0.003 I
3r.862 0.0035

34.517 0.0040
37.t73 0.0045
39.827 0.0053
42.482 0.006 I
44.855 0.0074

n.227 0.0086
50.052 0.0107

52.877 0.0128

54.534 0.0153

56.192 0.0179

57.849 0.0204

59.280 0.0229

60.710 0.0254

Moment, M Rotatio4 0

63.094
64.Q46

64.998
65.951
66.903
67.A56

68.808

69.655
70.503
7 t.350
72.197

0.0303

0.0327
0.0351
o.0374
0.0398
0.0422
0.0446
0.0468

0.0490

0.0512
0.0534

70

60

â50
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ê9 40

É
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20

t0

0
0 0.0t 0-o2 0.03 0.04 0.05

Rotational Deformation (radians)

Figure 4.197 (a) M4 curve for Ostrander: Test I I
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Figure 4.197 (b) Eurocode3 Classification ofOstrander: Test ll
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Table 4.198 M{ data for Ostrander: Tesr 12 (1970)

Moment, M Rotatiotr, þ

3.540 0.0002
7.080 0.0003
10.620 0.000s
14.161 0.0007
t7.70t 0.0009
21.242 0.0011
24.782 0.0013
28.322 0.0015
31.862 0.0017
35.402 0.0020
38.942 0.0022

42.482 0.0025

46.022 0.0030
49.563 0.0035
53.103 0.00,10

55.758 0.0048
58.413 0.0056
61.124 0.0069
63.836 0.0081

66.43s 0.0096
69.034 0.01I I
71.576 0.0t34
74.119 0.0157
75.775 0.0179
77.432 0.0201

Moment,M
kl.I-m

80.7E4

82.479
E4.173

E4.E33

85.492
86.151

86.810

87.469
88.128

89.145

90.162

91.t79

lbtation, {

o.0223
0.0249
0.0275
0.0301
0.0325

0.0349

0.0374
0.0398
0.0422
0.0446
0.0471
0-0497

0.0522

t0

7o

?
T602
È9so
-e

Ëooo
à30

¡0

0

0 0.0t 0.02 0.03 0.04 0.05
Rotationâ¡ D€fomation (radians)

Fþre 4.198 (a) M-ô curve for Ostrander: Test 12
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Figure 4.198 (b) Eurocode3 Classification of Ostrander: Test 12



Table 4.199 M{ data for Ostrander: Test 13 (1970)

Moment, M Rotation, 0
kN-m radians

00
3.540 0.0m3
7.080 0.0005
10.620 0.0008
14.161 0.00u
t7.70t 0.0015
2t.242 0.0018
24.782 0.002 I
28.322 0.0025
31.862 0.0028
35.402 0.0032
38.942 0.0037

42.482 0.0041

46.022 0.0046
49-563 0.0052
53.103 0.0057
56.643 0.0065
60.183 0.0072
63 .724 0.0080
66.379 0.0088
69.034 0.0096
74.005 0.0114
76.830 o.Otn
79.6s4 0.0140

82.140 0.0159

84.626 0.0178

Moment, M Rotatio¡L 0

47.714 0-0205

89.258 0.0218
90.557 0-0236
91.857 0.0254
93.t56 0.0272
94.456 0.0290
95.586 0.0309
96.7ts 0.0328
97.E45 0.0346
98.975 0.0365
100.104 0.0384

t00

90

80

Çto
4eoË,
Ëso
ã40
Þro

20

l0

0

0 0.01 0.02 0.03
Rotational Deformation (radians)

Fþre Al99 (a) M-{ curve for Ostrander: Test 13
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Figure A. I 99 (b) Eurocode3 Classification of Ostrander: Test I 3



Table 4.200 M-þ data for Osrander: Tesr lZ (1970)

Moment, M Rotatio4 S

0
2.655
5.310
7.965
10.620

t3.276
15.93r

18.586

21.242

23.897
26.552
29.ZA7

0.0002
0.0004
0.0006
0.0008

0.001I
0.0014

0.0017

0.0020
0.0025
0.0030

0.0034

Moment, M Rotatioq {

60.023 0.0402
6l.ot2 0.0433
6t-667 0.@69
62.323 0.0505
62.97E 0.0541
63 .634 0.0577
64.289 0.0613
64.s43 0.0646
&.797 0.0680
65.052 0.07t3
65.306 0.0746

31.862 0.0039
34.5t7 0.0050
37.172 0.0062
39 .827 0.0073
42.482 0.0084
45.t37 0.0106
47.793 0.0128
50.165 0.0t62
52.538 0.0196
53.668 0-022s
54.797 0.0253

s5.9n 0.0282
57 .057 0.0310
58.046 0.0341
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Fþre 4.200 (a) M-$ curve for Ostrander: Test 17
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Fþre 4.200 (b) Eurocode3 Classification of Ostrander: Test 17



Table A20l M{ datafor Ostrander: Test 18 (1970)

Momenl, M Rotatio¡L 0

3.540 0.0004
7.080 0.0009

10.620 0.0013

14.161 0.0018

t7.70t 0.0023

2t.242 0.0028
24.782 0.0034
2A322 0.0041

3t .862 0.0047
3s.402 0.0058
38.942 0.0069

42.482 0.0080

45.834 0.0098
49.186 0.0115

52.538 0.0133

55.419 0.0157

58.300 0.0181

61.012 0.02m
63.724 0.0258
65.305 0.0293
66.887 0.0327

68.469 0.0362
70.164 0.0400

71.858 0.0438
73.553 0.0476

Moment, M RotatiorL 0

74.634
75.180

75.723
76.265
75.898
75.531

75.t64
74.797

0.0554

0.0594

0.0633

0.0672
0.0702
0.0732
0.0762
o.o792

60
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Figure 4.201 (a) M4 curve for Ostrander: Test 18
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Figure A20l (b) Eurocode3 Classification of Ostrander: Test 18



Table A.202 M{ data for Ostrander: Test 19 (1970)

Moment, M

0
2.655
5.311

7.965
10.620

ß.n6
15.931

18.586

21.242
23.896
26.55r

Rotation, 0
radians

0.0002
0.0004
0.0007
0.0009
0.0012
0.0014
0.0017
0.0020

0.0024
0.0027

Moment, M Rotatio4 {

64.853

65.531
66.209
66.887
67.546
68.205
68.864
69.s23
70-182

70.842
29 .206 0.0032

31.862 0.0036

34.5t7 0.0042
37.173 0.0047
39 .827 0.0054
42.482 0.006 I
44.968 0.0071
47.454 0.0081
50.279 0.0095
53.103 0.0t09
55.758 0.0128
58.413 0.0147
60.108 0.0169
61.802 0.0190
63.497 0.02t2

0.0251

0.0270
0.0290
0.0309
0.0331

0.0353

0.0375
0.0397

0.0419

I

60
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Fþre 4202 (a) M-0 curve for Ostrander: Test 19
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Figure A.202 (b) Eurocode3 Classification of Ostrander: Test 19



Table 4203 M-$ data for Ostrander: Test 23 (1970)

Momenq M Rotatioq 0

3.540 0.0002

7.080 0.0003

10.620 0.0005
14.161 0.0007

t7.70r 0.0008

21.242 0.0010

24.782 0.0013

28.322 0.0015

31.862 0.0018

35.402 0.0021
38.942 0.0023

42.482 0.0026

45.137 0.0028
47.793 0.0030
50.448 0.0033

53.103 0.0035
55.758 0.0038

58.413 0.0041
61.068 0.0045

63 .724 0.0048

66.266 0.0053

68.808 0.0057

71.689 0.0064

74.570 0.0070
78.016 0.0082

Moment, M Rotatioq 0

.462
83.552
85.642
87.733
89.823

91.094

92.365
93.636

94.907

95.906
96.904

n.902

0.0093
0.0103
0.0113
o.ot22
0.0132

0.0142
0.0152

0.016r
0.0171

0.0182

0.0193
0.0205

0.0216

o.02n
0.0238

98.900

99.898
100.896

80
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0 0.01 o.02
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Figure 4.203 (a) M-ô curve for Ostrander: Test 23
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Table 4.204 M<[ data for Ostrander: Test 2 (1970)

Moment, M Rotatiorl 0

2.7t2 0.0002
5.311 0.0005
7.965 0.0008
10.620 0.0010
t3.276 0.0013
t5.93t 0.0016
18.586 0.0019
21.242 0.0022
23 .A96 0.0025
26.55t 0.002E
29.206 0.0033

31.862 0.0037

34.517 0.0043
37.t73 0.0048
39.827 0.0055
42.482 0.0062
45.t37 0.0073
47.793 0.0083
50.222 0.0097
52.65t 0.0llt
55.589 0.0132
58.s27 0.0152
59.52t 0.0173
60.515 0.0194
61.509 0.02t4

Moment, M Rotatio4 Q

63.497

64.19E

64.898

65.599
66.300

67.001
67.565

68.130
68.695
69.260

69.82s

70.390

0.0256
0.0278
0.0300

0.0323
0.0345

0.0367
0.0390
0.0413
0.0436

70
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Figure 4204 (a) M-0 curve for Ostrander: Test 2
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Table 4.205 M<þ data for Ostrander: Test 5 (1970)

Moment, M RotatiorL 0
lil.I-rn radians

00
2.655 0.0003

5.3r I 0.0005
7.965 0.0008
t0 .620 0.00 l0
13.276 0.0013
15.931 0.0015

18.586 0.0018

2t.242 0.0020
23.896 0.0024

26.5st 0.0027

29.206 0.0032

3t.ß2 0.0036

34.517 0_0042

37.t73 0.0048
39.827 0.0056
42.482 0.0064
45.t37 0.0077
47.793 0.0090
50.,148 0.0110

53.103 0.0129

55.758 0.0161

58.413 0.0193

60.070 0.0235

6t .727 0 .0276

63.385 0.031E

Momenl, M Rotatioq 0

64.430 0.0366

65.475 0.0414

66.520 0.0462
67.565 0.0510
68.304 0.0556
69.0U 0.0603
69 .783 0.0649
70.523 0.0695
71.262 0.0742
72.002 0.0788

72.74t 0.0835

73.481 0.0881

74.220 0.0927

74.960 0.0974

75.699 0.1020

60
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Figure A.205 (a) M4 curve for Ostrander: Test 5
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Table 4.206 M-$ data for Ostrander: Test 6 (1970)

Moment, M Rotation" ò
kl.I-rn

2.655
5.311

7.965

10.620

t3.276
15.931

18.586

21.242

23.E96

0

0.0002
0.0003

0.0005
0.0007

0.0009

0.001I
0.0016

0.0020

0.0026

Moment M Rotatioq 0

26.55t 0.0031
29.206 0.0039

31.862 0.0047

34.517 0.006r
37.173 0.0074
39.827 0.0097
42.482 0.0119
45.137 0_0154

47.793 0.0188
49.lll 0.022t
50.429 0.0253
51.748 0.0286
52.708 0.0316
53.668 0.0346
54.628 0-0375

55.589 0.0405

56.E54 0.0,t69
57.486 0.0502
5E.ll9 0.0534
58.7s2 0.0566
59.136 0.0600
59.520 0.0633
s9.904 0.0667
60.289 0.0700
60.673 0.0734

50
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Fþre 4.206 (a) M4 curve for Ostrander: Test 6
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Table L2O7 M{ data for Ostrander: Test 7 (1970)

Moment, M RotatiotL 0

00
1.328 0.0002

2.655 0.0005

3.983 0.0007

5.311 0.0009

6.638 0.0012
7.965 0_0015

9.293 0.0017

10.620 0.0020
11.948 0.0024
t3.276 0.0028
14.603 0.0032

15.931 0.0036

t7.259 0.0046

18.586 0.0056

19.914 0.0066

2t .242 0.0076
22.597 0.0097

23.953 0.0117
24.819 0.0136
25.685 0.0155
26.55t O.0t74
n .20t 0.0195

n .851 0.0216
28.500 0.0237

29.150 0.0258

Moment, M Rotatioq 0

30.506 0-0302

31.184 0.0324
31.862 0.0346
32.404 0.0367

32.946 0.0389
33.489 0.0410
34.031 0.0432
34.573 0.0453

34.799 0.0470
35.025 0.0488
35.251 0_0505

30
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ë,m,
Ërso
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Figure 4.207 (a) M-0 curve for Ostrander: Test 7
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Table 4.208 M{ data for Ostrander: Test S (1970)

Moment,M

0

1.328

2.655
3.983

5.311

6.638
7.965
9.293
t0.620

Rotatiotr, 0
radians

0.0001
0.0003
0.0004
0.0005

0.0008
0.0011

0.0013

0.0016

Moment, M Rotatioq 0

11.948 0.0020
t3 .276 0.0024
14.603 0.00n
15.931 0.0031

t7 .259 0.004 I
18.586 0.0051
19.914 0.0061
2t.242 0.0071
22.597 0.0092
23.953 0.0112
24.8t9 0.0133
25.68s 0.0153
26.55t 0.0174
27.20t 0.0196
27 .85t 0.02 l8
28.500 0.0239
29.150 0.0261

30.506 0.0305
31.184 0.0327
31.862 0.0349
32.291 0.0368
32.7m 0.0387
33.150 0.0406
33.579 0.0425
34.008 0.0444
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Fþre 4208 (a) M4 cuwe for Ostrander: Test 8
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Figure 4.208 ft) Eurocode3 Classification of Ostrander: Test 8
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Table 4.209 M-$ data for Ostrander: Test l0 (1970)

Moment, M RotatiorL Ö

2.655
5.311
7.965

10.620

t3.276
15.931

18.586

21.242
2,3.896

26.5s1
29.206

0
0.0001
0.0001
0.0003

0.0004
0.0006

0.0007

0.0009

0.00t0
0.0012

0.0013
0.0015

Moment, M Rotation ô

68.,1ó9 0.01,f6

70.t64 0.0168
7r.858 0.0190
73 .553 0 .O2t2
74.401 0.0233

75.244 0.0254
76.095 0.0275
76.943 0.0295
77.790 0.0316

78.638 0.0337

79.396 0.0358

80.155 0.0379

80.914 0.0400

81.672 0.0420
82.431 0.0441

83.190 0.0462
83.948 0.0483

31.862 0.0017

34.5t7 0.0020

37.173 0.0023

39.8n 0.0026

42.4A2 0.0029

45.t37 0.0034

47.793 0.0038

50.448 0.0045

53.103 0.0052

55.758 0.0062

58.413 0.0072
60.899 0.0086

63.385 0.0099

65.927 0.0123
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Fþre À209 (a) M-0 curve for Ostrander: Test l0
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Fþre 4.209 (b) Eurocode3 Classification of Ostrander: Test l0



Table 4.210 M<þ data for Ostrander: Test 14 (1970)

Moment, M Rotatior¡ {
l:Ì.{-m radians

2.655
5.311

8.851

t2.391
15.931

t9.47t
23.011
26.sst
30.092
33.632
37.t73

40.7t3
u.253
47.793

0
0.0001

0.0002
0.0009
0.0015

0.0022
0.0028
0.0034
0.0040
0.0047
0.0053

0.0060

0.0069

0.0078

0.0087

Moment, M Rotâtio4 0
kN-m radians

72.509 0.0345
73.780 0.0368
75.tO7 0.0393
76.434 0.0418
77.762 0.ou2
79.089 0.0467
79.616 0.0488
80.1,[4 0.0509
80.671 0.0530

50.448 0.0099
53.103 0.0lll
55.75A 0.0129
5E.413 0.0146
60.7E5 0.0169
63.158 0.0191
64.5t4 0.0215
65.870 0.0239
67.283 0.0258
68.695 0.0277
69.966 0.0300
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Fþre 4.210 (a) M-S curve for Ostrander: Test 14
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Figure A2l0 (b) Eurocode3 Classification of Ostrander: Test 14



Table 4.211 M{ data for Ostrander: Test 15 (1970)

Moment, M Rotatio4 0

00
3.540 0.0001

7.080 0.0003

10.620 0.0004

14.161 0.0006

17.70t 0.0008

21.242 0-0010

24.7A2 0.001I
28.322 0.0013

3t.862 0.0014

35.402 0.0018

38.942 0.0021

42.482 0.0025

46.022 0.0029

49.563 0.0034

53.103 0.0038

55.758 0.0042
5E.413 0.0046

61.068 0.0051

63.724 0.0055

66.379 0.0062
69.034 0.0068

71.689 0.0077

14-344 0.0086

76_886 0.0097

79.428 0.0108

Momeng M Rotatioq 0
lù.I-m radia¡u

82.969 0.0t27
84.739 0.0136
86.010 0.0146

87.281 0.0156

88.552 0.0165
89.823 0.0175

90.953 0.0185

92.083 0.0194

92.959 0.0206

93.834 0.0218

94.7tO 0.0230

95.585 0.0242

r00
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Figure 4.211 G) M4 curve for Ostrander: Test 15
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Figure A.2ll (b) Eurocode3 Classification of Ostrander: Test 15



Table A.212 M{ data for Ostrander: Tesr t6 (1970)

Momeng M Rotatior\ 0

5.310

10.620

15.931

2t.242
26.552
31.862

37.t72
42.482
47.793
53.103

0
0.0002

0.0003

0.0005
0-0006

0.0008

0.0009
0.0011

0.0012
0.0016
0.0019

Momeng M Rotatioq ô

105.415

t06.364
107-313

1o8.262

109.21I

ll0.160
1r0.866
ttt.572
112.279

58.413 0.oo23

63.724 0.002E

69.034 0.0034
74.344 0.0041

793ts 0.0051
82.140 0.0058
E4.965 0.0065
87.338 0.0074
89.711 0.0082
92j09 0.0095
94.907 0.0107
96.E28 0.0119
98.749 0.0131
100.670 0.0143
l02.2st 0.01s7

0.0171
0.0185

0.0197

0.0209
0.0222
o.0234
0.0246
0.0259
0.027t
o.0284

u2.985 0.0296

u0
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Fþre A2l2 (a) M-S curve for Ostrander: Test 16
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Figure ,4'.212 (b) Eurocode3 Classification of Ostrander: Test 16



Table 4.213 M<þ data for Ostrander: Test 20 (1970)

Moment, M Rotatiorl 0
lù'{-m radians

00
3.540 0.0004
7.080 0.0007

t0.620 0.0011
14.161 0.00t4
t7.70t 0.0018

2t.242 0.0021
24.782 0.0026
28.322 0.0032
31.862 0.0037
35.402 0.004E

38.942 0.0059

{2.482 0.0070

45.137 0.0086
47.793 0.0102
50.,148 0.0129
53.103 0.0155
54.610 0.0184
56.116 0.0213
57.622 0.0242
58.893 0.0273
60.165 0.0303
6t.436 0.0334
62.707 0.0364
63.469 0.0391
64.232 0.Oll9

Moment, M Rotatiorl {

65.757 0.0473
66.492 0.0503

67.226 0.0532
67.96t 0.0562
6A.695 0.0591
69.524 0.0626
70.352 0.0660
7l.l8t 0.0695
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Figure 4.213 (a) M4 curve for Ostrander: Test 20
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Fþre 4.213 (b) Eurocode3 Classification of Ostrander: Test 20



Table 4.214 M<þ data for Ostrander: Test 2l (1970)

Momeng M Rotatioq 0
kì.I-rn radians

00
3.540 0.0003
7.080 0.0007
to.6z0 0.0010
l4.t6l 0.0014
17.70t 0.0017
21.242 0.0021

24.782 0.0026
28.322 0.0032
31.862 0.0037
35.402 0.00,14

38.942 0.0050

42.482 0.0057

46.022 0.0068
49.563 0.0080
53.103 0.0091
55.532 0.0103
57.96t 0.0115
60.899 0.0133
63-836 0.0150
66.378 0.017s

68.920 0.0200
7t.463 0.0228
74.005 0.0256
7s.624 0.0280
77.244 0.0304

Moment, M Rotatio¡L ô

79.881

80.898
8 r.915
83.383

84.287

85.I90
86.358
87.526
E8.694

89.343

89.993

90.642
9t.291

0.032E

0.0350
0.0373
0.0395
o.0426
0.0446
0.0465
0.0496

0.0527

0.0558
0.0584
0.0609

0.0635

0.0660
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Fþre À214 (a) M-ô curve for Ostrander: Test 2l
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Table 4.215 M-$ data for Ostrander: Test 22 (1970)

Moment, M Rolatio4 0
kN-m radians

00
3.540 0.0002
?.080 0.0003

10.620 0.0005

14.161 0.0006
17.70t 0.000E

21.242 0.0009
24.782 0.00 I I
28.322 0.00 14

3t.862 0.0016
35.402 0.0020
38.942 0.0024

42.442 0.0028

46.022 0.0036
49.563 0.0045

53.103 0.0053
55.419 0.0063

57.735 0.0072
60.729 0.0087
63.724 0.0101
65.983 0.0118

68.242 0.0135
69.561 0.0152
70.879 0.0170
72.197 0.0187

73.531 0.0207

Moment, M Rotation, 0
kl.l-m radians

76.t97 0.0246
n.$r 0.0266
78.864 0.0286
79.994 0.0305
El.I23 0.0324
82.253 0.0343
83.383 0.0362
84.061 0.0380
84.739 0.0397
85.417 0.0415

70

â60
4so

E*
Éro

20

l0

0

0 0.0t o.02 0.03
Rotatioml Ddormation (radians)

Figure 4.215 G) M+ curve for Ostrand et: Test 22
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Figure 4.215 (b) Eurocode3 Classification of Ostrander: Test 22



Table 4.216 M-$ data for Ostrander: Test 24 (1970)

Moment, M Rotatior\ Q

kì.I-m radians

00
5.310 0.0002
10.620 0.0003
15.931 0.0004
7t.242 0.0005
26.5s2 0.0007
31.862 0.0008
37.t72 0.0010
42.482 0.0012
47.793 0.0015
53.103 0.0017
58.413 0.0021

63 .724 0.0024

69.034 0.0029
14.344 0.0034
79.372 0.0043
84.400 0.0052
87.lll 0.0058
89.823 0.0064
92.309 0.0073
94.795 0.0081

96.716 0.0088
98.636 0.0096
100.557 0.0103
101.988 0.0112
103.419 0.0t22

Moment,M

106.205

107.561

1o7.976
108.390

108.805

t09.652
110.499

109.200

107.900

Rotatio4 0
radians

0.0139

0.0146

0.0153
0.0160
0.0167
0.0175
0.0182

0.0191

0.0199

3l

ll0
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Fþre 4.216 (a) M4 curve for Ostrander: Test 24
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Table 4.217 M-þ data for loannides: Test 1 (1978)

Moment, M Rotatio4 0

00
4.707 0.0002
9.4t3 0.0004

14.120 0.0006

18.663 0.0008

23.206 0.0010

27.749 0.0012

3t.s2s 0.0014

35.301 0.0015

39.078 0.0017

43.593 0.0018
48.108 0.0020

52.545 0.0024

56.242 0.OO27

59.939 0.0030

64.544 0.0036
69.323 0.0048

72.952 0.0059
76.543 0-0070

78.978 0.0079

81.373 0.0087

83.442 0.0097

85.511 0.0107
87.995 0.0119

90.479 0.0132

92.649 0.0144

Moment, M Rotatiorl {

97.110 0.0169
98.647 0.0179
t00.183 0.0189
l0l.7l9 0.0199
t03.255 0.0210

104.546 0.0220
105.838 0.0231
t07.t29 0.0242
108.420 0.02s2
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Fþre 4.217 (a) M-ö curve for Ioannides: Test I
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Figure A.217 (b) Eurocode3 Classification ofloannides: Test I



Table 4.218 M-$ data for loannides: Test 2 (1978)

Moment, M Rotation, {

0
12.627

25.254
37.881
50.508

63.135

74.241
85.3{l
95.t46
t04.946
114.735

125.501

0.0000
0.0000

0.0001
0.0001

0.0001

0.0002

0.0004
0.0005
0.0007
0.0009
0.0011

Moment, M Rotation, {
KN

227.407 0.0135
230.903 0.0144
234.399 0.0153
23E.015 0_0160

241.630 0.0168
245 .?46 0.0 176

248.311 0.0184
251376 0.0192
254.441 0.0200
258.403 0.02t I
262.365 0.0222

135.924 0.0015
146.339 0.0020
158.368 0.0026
169 .1 L5 0.0035
t78.764 0.0044
183.920 0.0051

189.076 0.0058
193.567 0.0065
198.059 0.0072
202.691 0.0082
207.324 0.0091

21t.625 0.0101

215.926 0.01I I
219.919 0.0119

2&

200

zt60
ët
6rzo
o
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,10

0

0 0.005 0.01 0.015 o.o2
Rotational Deformation (radians)

Figure 4.218 (a) M{ curve for Ioannides: Test 2
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Fþre 4.218 (b) Eurocode3 Classification of Ioannides: Test 2



Table 4.219 M-{ data for Ioannides: Test 3 (1978)

Moment, M Rotation, 0
lcN-m

00
11.056 0.0000
22.tt2 0.0000

33.168 0.000r
42.442 0.000 I
52.st6 0.0001

6?.420 0.0002
72.324 0.0002
81.766 0.0002

91.208 0.0003

100.878 0.0004

110.549 0.0005

l2l.l39 0.0006

t3l .729 0.0008

Momenl M Rotation, ô

259.t52
266.U2
n2.4tl
n4.892
283.938
28E.983

292.4t3
295.844

298.581
301.319

303.600
305.E80

t43j28
ß6.|n
169.017

l8l_906
t92.256
202.605

2t0.425
218.245

226.751
235.256

243.759

2s2.263

0.0055

0.0061
0.0067
o.0072
0.0076

0.0082
0.0088

0.0093
0.0099

0.0104
0_0109

0.0010
0.0012
0.0015
0.0017
0.0021

0.0024
0.0027
0.0030

0.0034

0.0037

0.0042

0.0046

280

24

Emoz
Yeo

bl20

80

,o

0

307.244 0.0114

308.607 0.0I l8

0 0.005 0.01
Rotational Deformation (radians)

Figure 4.219 (a) M4 curve for loannides: Test 3
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Table A.220 M<þ data for Ioannides: Test 4 (1928)

Moment, M Rotation, {

6.094

12.842

19.590

26.338
30.452
34.566
4t.649
48.406
55.670

60.047
64.424

68.812

73.200
77.7t3

0
0.0001

0.0002
0.0002
0.0003

0.0003
0.0003

0.0004
0.0007

0.00r2
0.0016

0.0019

0.0025

0.0031

0.0041

Momeng M Rotatio¡L 0

131.430

134.26t
137.091

t39.922
t42.753
145.584

148.415

149.882

151.349

o.0246
0.0267

0.0287
0.0308
0.0329

0.0349

0.0370

0.0390
0.0405

o.0420

82.346 0.0052
87.683 0.0067
93 .021 0.00E3

97.703 0.0099
102.385 0.0115
106.498 0.0133

110.612 0.015I
114.648 0.0170
118.684 0.0188
122.226 0.0207
t25.768 0.0226

¡40

t20

Frooz
v8o

!ø
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20

0

0 0.005 0.01 0.015 0.o2 0.025 0.03 0.035 0-04
Rotational Deformation (radians)

Figure A.220 (a) M{ curve for loannides: Test 4
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Figure 4.220 (b) Eurocode3 Classification ofloannides: Test 4



Table A.221 M-S data for Ioannides: Test 5 (1978)

Moment, M Rotation, O

kN-m radians

00
11.063 0.0001

22.t26 0.0003

33.189 0.0004
45.016 0.000?

56.843 0.0009

69.488 0.0012

a2.t32 0.0016
92.402 0.0020

t03.472 0.0024
tt4.796 0.0029

t26.t2t 0.0034

t36.782 0.0040

t47.443 0.0047
157.768 0.0055

168.093 0.0063
176.937 0.0072

l8s.78l 0.0081

193.134 0.0093

200.487 0.0105
208.490 0.0119
216.493 0.0133
223.506 0.0148

230.s19 0.0163

23s.733 0.0176

240.946 0.0188

Moment, M Rotatiou 0

247.462 0.0205

2s3.978 0.0221
25a.A47 0.0238

263.7t6 0.0255

268.743 0.0273

273.771 0.0292
277.tt7 0.0305

280.464 0.0319
283.810 0.0333
287.528 0.0350
291.246 0.0367

293.s05 0.0379

295.7& 0.0390
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Figre A'22l (a) M-0 curve for loannides: Test 5

I

è
E o.s

ä 0.6

€
.N 0.4

20.,

Pl¡rc Size 546 x 32

&s$i W460 X 52 Ll¡=327 kl.f¡
Þ9!ÊæE:4325 20 ø
Mgedc! 436

O E,ÞcrirÍcrttl Drt¿

-Modifi€d 
Functio¡¡

0 0.05 0.t 0.15 0.2 0.25 0.3 0.35
Nonnâlized Rotatioq 0/0p

Figurre A.221(b) Eurocode3 Classification of loannides: Test 5
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TableA.222 M-$dataforDews: Test I (1979)

Moment, M Rotatioq 0

4.3t4
8.628
12.449

16.351

22.25t
28.151

33.6it7
39.202
43.966
44.730

53.878

s9.026

63.O95

0
0.0007
0.0014
0.0021
0.0028

0.0037
0.0046

0.0055

0.0065
0.0072
0.0079

0.0088

0.0097

0.0099

Momenq M Roøtion, Q

Id.l-m radians

109.774

lll_650
1t3.526
115.403

ll7.t29
llE.855
120.582

122.t10
|23.754

68.408 0.0112
7t.762 0.Ot22
74.833 0.0137
79.32t 0.0165
84.276 0.0196
E9.090 0.0230
9t.749 0.0252
94.407 0.0275
97.248 0.0304
100.090 0.0333

102.697 0.0361

105.305 0.0388

125.346 0.0690
t26.7ZO 0.0716

128.095 0.0742
129.470 0.0768

120

100

t
280
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>40
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Figure A-222 (a) M-ó curve for Dews: Test I
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T able A.223 M<þ data for Dews: T est 2 (1979)

Moment, M Rotatioq {

4.558 0.000s

9.116 0.0009

13.675 0.0014

t8.432 0.0018

23.t90 0.0022
n.947 o.Nn
34.185 0.0034
40.422 0.0041

44.93t 0.0045
49.439 0.0050
s3.947 0.0054

58.605 0.0059

63.262 0.m63
68.373 0.0069

72.t45 0.0080

75.323 0.0094

77.230 0.0110

79.138 0.0125

8r.882 0.0147

84.627 0.0169
86.869 0.0189

89.lll 0.0210

91.3s3 0.0230
94_106 0_0256

96.860 0.0282

Moment, M Rotatiorç {

102.064 0.0332

104.514 0.0356

106.964 0.0381

109.414 0.0405

112.620 0.04.32

tt5.827 0.0460

119.033 0.04E7

122.239 0.05 14

125.100 0.0544

t27.962 0.0s"t4

130.823 0.0603

t20

100

280
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Fþre 4.223 (a) M-$ curve for Dews: Test 2
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Figare A.223 (b) Eurocode3 Classification of Dews: Test 2



Tahle 4.224 M{ data for Sherbourne: Test Al (1961)

Moment, M RotatiorL 0

15.8I8
31.635
47.454
63.272
79.090

94.907
108.748

122.589
138.407

t54.225
t70.042

185.860

20t.678
2t7.497

0
0.0002

0.0003
0.0004

0.0005

0.0007
0.0008
0.0010
0.0012
0.0013
0.0014

0.0017

0.0019

0.0021

0.0023

Moment, M

308.449

3t2.403
316-358

31E.994

321.631
324.267
325.256

326.244
3n.83

Rotatioq {
radians

0.0077

0.0082

0.0089
0.0095

0.0101
0.0106
0.0112
0.0u8
o_0124

0.0129

23t.337 0.0028
245.177 0.0032
255 .064 0.0037
2649s0 0.004t
270.8E2 0.0045
276.AM 0.0049
280.768 0.0053

284-722 0.0057
288.676 0.0062
292.63t 0.0066
304.494 0.0071

328.22t 0.0135

240
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Figure A.224 (a) M-ô curve for Sherboume: Test Al
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Table A.225 M-þ data for Bailey: Test Al-L (1970)

Moment, M Rotatior\ 0
kN-m radians

0
4.074
8.r48
t2.273
16.297

zt.4t0
26.523

31.635
39.305

+6.974
54.644

62.3t3

72.379

82.445
90.1l4
97.783
105.932

114.080

t23.667

133.254

139.965

146.67 5

0.0003
0.0006
0.0009
0.0012
0.0014

0.0016
0.0018

0.0022
0.0025

0.0029

0.0032

0.0037

0.0041
0.0045
0.004E

0.0052
0.0056
0.0061

0.0065

0.0069
o.0072

Moment, M Rotatior\ 0
kl'l-m radians

204.t95 0.0112
2t2.823 0.0125
220.492 0.0135
227.203 0.0149
232.954 0.0166

23E.707 0.0181

241.t03 0.0191
243.500 0.0200

246.376 0.0216

247.8t3 0.0225
249.25t 0.0234

250.2t0 0.0243
251.170 0.0252
252.128 0.0265
253.087 0.0279

253.087 0.0296
253.566 0.0307
254.045 0.0318

zss .004 0.0334

255.963 0.0348
255.N4 0.0353

260
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Fþre 4.225 (a) M4 curve for Bailey: Test Al-L
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Table A.226 M-$ data for Bailey: Test Al-R (1970)

Moment,M

0
9.039
18.077

29.495

36.631

43.767

51.855
59.942

72.3t0
79.446
86.583

97.048

109.417

lt6.o77
122.737

129.873
137.010

tu.62t
152.233

t60.795
t72.214
182.679

195.048

203.6t0
2t2.t74
2l7.Aa3

RotatiorL 0
radians

0
0.0002

0.000,f
0.0008
0.0010

0.0012

0.0015

0.0017
0.0022
0.0024
0.0025
0.0027

0.0032

0.0034

0.0036
0.0038

0.0040
o.0042
0.00,14

0.0048
0.0053

0.0059
0.0068
0.0078
0.0090

0.0102

Moment, M Rotation" {
kl.I-m radians

229.300

233.t06
235.485
237.864

24t.669
245.475

247.377

249.281
250.708
252.t35
253.087

254.037

254.037
254.989

255.941
255.94t
255.94t
255.941

o.0t27
0.0137'
0.0145
0.0t53
0.0166

0.0180

0.0194

0.0209
0.0218
0.02.n
0.0241

0.0254

0.0265

0.0n7
0.0288

0.0296

0.0306
0.0314
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Figure A.226 (a) M-ô curve for Bailey: Test Al-R
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Table A.227 M{ data for Bailey: Test A2-L (1970)

Momenl, M Rotatio4 $
ld.l-m radia¡s

1.010 0.0001

2.020 0.0002
3.030 0.0003
4.039 0.0004

5.049 0.0005
6.059 0.0006
9.089 0.0009
13.189 0.0011

t7 .291 0.00 13

23.442 0.0016

27.270 0.0018

31.097 0.0020

36.838 0.0022

42.580 0.0024

47.364 0.0026

52.149 0.00n
55.976 0.0030

59.803 0.0033
64.s87 0.0037
69.372 0.0040

73.199 0.0042
77.027 0.00,14

81.8u 0.0046

86.595 0.0048

90.422 0.0051

Moment, M RotatiorL {
kl.I-m ¡adians

98.V17 0.0057

101.905 0.0060

t07 -645 0.0069
ttt.473 0.0073

115.300 0.0077

120.085 0.0089
t23.912 0.009E

t26.783 0.0 r l0
t28.696 0.0123

130.131 0.0131

131.566 0.0139

133.002 0.0147

134.438 0.0154

135.873 0.0161

137.308 0.0168

137.308 0.0176

137.308 0.0183

137.787 0.0192
t38.265 0.0200
138.265 0.0208

138.265 0.0215

140.178 0.022s
t40.178 0.0233

140.178 0.0241

l4l.l35 0.0253
140.178 0.0261

120

^100

þ*

Ë60o
>40

20

0

6o

0 0.01 0.02

Rotationâl Deformation (radians)

Figre A.227 (a) M4 curve for Bailey: Test A2-L
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Table A.228 M-þ data for Bailey: Test A2-R (1970)

Moment, M Rotatioq 0
kN-m

0
4.625
9.249
t3.874
19.615

25.357

30.619
35.E82

40.666

45.4s0
51.191

s6.932

60.281

63.630
67.457
71.285

74.634
77.9a3
82.289
86.595

92.33s
95.684

99.033

102.383

t05.732
110.516

0.0003

0.0006
0.0009
0.0013

0.0016

0.0018
0.00I9
0.0021

0.0023
0.0024
0.0024

o.0027

0.0029
0.0032
0.0034
0.0036

0.0038
0.0041

0.0044

0.0052

0.0057

Moment, M Rotalior! 0
kl.I-m

120.085 0.0106
122.955 0.0r 19

lz3 .9t? o.0r27
124.868 0.0134
125.a26 0.0142
n6.7A3 0.0149
128.696 0.0162
129.t74 0.0172
129.653 0.0182
129.653 0.0190
t29.653 0.ot97
130.132 0.0207

130.610 0.0216
130.610 0.0224
130.610 0.0232
131.088 0.0240
131.566 0.0248
131.088 0.0257
130.610 0.0265
l3t.s67 0.0276
t32.523 0.0286

140

tm

^100

4so
=960
o
Åq

20

0

0.0062
0.0067

0.0071

0.0080

0 0.01 o.o2
Rotational Defonnation (radians)

Fþre À228 (a) M;S curve for Bailey: Test A2-R
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Table A.229 M-{ data for Bailey: Test A3-L (1970)

Moment, M Rotation, 0

00
2.209 0.0002

4.419 0.0004

6.627 0.0006

8.836 0.0008

11.046 0.0010

t7.769 0.0014

24.493 0.0017
30_736 0_0020

36.979 0.0023
42.26t 0.0026
47.543 0.0028

51.866 0.0031

56.188 0.0034
61.631 0.0036

67.073 0.0039

72.5t6 0.0041

78.759 0.0045

85.002 0.0048

90.285 0.0051

95.568 0.0054

l0l.81l 0.0059
108.053 0.0063

tt4-297 0.0067

120.54t 0.0070

125.823 0.0076

Moment, M Rotation, þ

134.947 0.0087
138.790 0.0093

t4t.67r 0.0102

tu.552 0.0110

146.953 0.0il6
149.354 0.0122
150.79s 0.0130
t52.236 0.0137

153.196 0.0146
154.t57 0.0154
l55.ll7 0.0162

156.078 0.0170

156.398 0.0178
156.718 0_0186

157.038 0.0194

156.558 0.0202
156.078 0.0210

120

j loo

È9
-80

=60¿
41)

20

0

0 0.005 0.0t 0.015 0.02

Rotational Defonnation (radians)

Figure 4.229 (a) M-0 curve for Bailey: Test A3-L
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Table 4.230 M-g data for Bailey: Test A3-R (1970)

Momeng M Rotation, {

5.581

11.163

t6.7U
22.486
28.227
33.968

39.709
45.450
st.t92
56.933

62.674

67.458

72.242
72.242
77.505
42.767
88.030

93.293
98.555
103.818

t08.602
113.3E6

I t9.606
125.826

133.480

0
0.0002

0.0005
0.0007
0.0010
0.0013

0.0016

0.0019

o.0022
0.0024

0.0026

0.0027

0.0030

0.0032

0.0032
0.003s
0.0038
0.0041

0.0043
0.0045
0.0047

0.0050

0.0053

0.0057
0.0061

0.0073

Moment, M Rotation, {
ftl.I-m radians

l4l.l35
143.527

145.919

150.703

t52.t39
153.s74

154.531

155.488

156.,145

157.40t
158.836

160.271

160.750

16t.229
t60.750
160.27t
161.229

162.186

l6t.E67
16r.548

t61.229

0.0073

0.0084
0.0091

0.0097
0.0108

0.0115
0.0121

0.0130
0.0138
0.0146

0.0153

0.0160

0.0166

0.0176

0.0185
0.0195
0.0205
0.02t4
0.0222
0.0230

0.0239
o.0247

120

E
+ loos
:80
Eo60

,m

20

0

0 0.005 0.0t o.ol5 o.o2
Rotational Deformation (radians)

Fþre 4.230 (a) M-S curve for Bailey: Test A3-R
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Table 4.231 M{ data for Surtees: Test Cl (1970)

Moment, M Rotatiorl 0
liù,I-m radians

00
5.491 0.0001
10.982 0.0002
16.E40 0.0004

22.697 0.0006
28.555 0.0008

34.900 0.0010
41.245 0.0012

{l.sgl 0.0014

52.960 0.0016

58.330 0.0019

63.699 0.0021

7t.02t 0.0025

78.342 0.0029
E5.663 0.0035
92.985 0.0040
97.866 0.0045

rc2.744 0.0050
to7.6z9 0.0055

112.510 0.0059

ll7.39l 0.0064
t22.272 0.0068

t24.224 0.0072
t26.t77 0.0076

128.t29 0.0080
131.058 0.0085

Moment, M Rot¿tioq 0

t33j87 0.009t
136.916 0.0096
138.869 0.0100

140.821 0.010,t
142.773 0.0108

1u.970 0.0113
147.166 0.0118

I40

120

100

2
t9
Ê

ô

0 0.005 0.01

. Rotational Deformation (ndians)

Figure A23l (a) M-0 curve for Surtees: Test Cl
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Table A.232 M{ data for Surtees: Test C2 (1970)

Moment,M
kN-m

0

13.571

27.t42
38.146
49.150

6t.62r
74.091

88.030
101.969

I15.173
124377
143.783

ls9.l88
t71.659
184.130

196.601

209.072
222.276
235.480

247.95t
260.422
279.496
295.634
30E.838

324.978
338.182

Rotatio¡L 0

0.0002

0.0004
0.000?

0.0010

0.0013

0.0015
0.0018
0.0021

0.0024
0.0027
0.0031

0.0034

0.0037

0.0040

0.0043
0.0046
0.0049
0.0052

0.0056
0.0059
0.0065
0.0071
0.0078

0.0090

0.0101

Momeng M Rotatiorl ô

345.5

349.920 0.0121

355.788 0.0134
358.723 0.0148
364.591 0.0163
368.993 0.0174
370.460 0.0188
371.927 0.0200
373.394 0.02t4
37632A 0.0225
3Tt.795 0.0238
379.262 0.0249

380.731 0.0262
385.132 0.0275
383.66s 0.0285
385.132 0.0299
388.066 0.0315
389.533 0.0330
392.468 0.0344
395.402 0.0355
398.336 0.0370
401.270 0.0388
402.737 0.0399

320

E 280

àroo
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40
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Figure y'-232 (a) M-0 curve for Surtees: Test C2
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Table A.233 M-{ data for Surtees: Test C3 (1970)

Moment M Rotatior! 0
kl.l-m

00
11.371 0.0002
22.7 4t 0.0003

41.081 0.0005
59.420 0.m06
73.358 0.m08
87.296 0.0009
t0t.234 0.0011

tt5.t73 0.0013

t27.644 0.0015
l40.ll5 0.0016

ts7.72t 0.0018

fi53n 0.0020

189.998 0.0022
204.669 0.0024
2t7.t4t 0.0027
229.6t2 0.0029
242.8t7 0.0032
2s6.O2t 0.0035
269.959 0.0039
2$.8n 0.0043

294.167 0.0046

304.437 0.0049

322.044 0.0058

332.3t4 0.0063

342.583 0.0067

Moment, M Rotatio4 {

355.?88 0.0076

367.525 0.0089
376.328 0.0099

382.198 0.0112
385.132 0.0t22
388.066 0_0132

391.001 0_0143

392.464 0.0154
393.93s 0.0166

398.336 0.0179
398.336 0.0188
396.869 0.0202

396.E69 0.0219

396.869 0.0232
393.935 0.0245
393.935 0.0259
396.869 0.0275
396.869 0.0288
393.935 0.0299

394.668 0.0313
395.402 0.0326

394.668 0.0337

393.935 0.0347
393.935 0.0365

392.468 0.0384

392.468 0.0400

360
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Figure A.233 (a) M4 curve for Surtees: Test C3
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Table A.234 M{ data for Surtees: Test C4 (1970)

Moment, M Rotation, S

00
t4.277 0.0004
28.555 0.0008
46.t27 0.0013
63.699 0.0017
76.878 0.0021
90.056 0.0024
106.164 0.0028
n2.n2 0.0032
t39.tr2 0.0037
tss .9s2 0.004 I
169.131 0.0045

182.310 0.0048
198.418 0.00s2
214.526 0.0056
229.90t 0.0060
245.276 0.0063
261.384 0.0067
277.492 0.00?l
29t.403 0.0074
305.314 0.0077
318.494 0.0082
331.673 0.0086
347.780 0.0092
360.959 0.0100
372.674 0.0113

Moment, M Rotation, {

382.192
385.853

390.246
394.639

394.639

394.639

396.103
397.567

40t.228
404.890
405.622

406.354

408.551

4t0.747

0.0131
0.0144
0.0156

0.016E

0.0179

0.0191

0.0203

0.0214
0.0225
o.0245
0.0264
0.0277

360

*20
Er*
&r*
Ëroo

Étt
t20

4t2.943 0.0326
415.140 0.0339
418.068 0.0354
420.997 0.0368
423.926 0.0384
426.8s4 0.0400

0.0289

0.0301

0.0312

40

0

0 0.01 o.o2 0.03
Rotational Deformation (radians)

Fþre 4.234 (a) M-ô curve for Surtees: Test C4
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Table 4.235 M-$ daø for Surtees: Test C5 (1970)

Moment, M Rotation, ö

00
18.634 0.0003
37.269 0.0005

50.422 0.0008

63.576 0.0010

86.961 0.0015
108.883 0.0019
t29.3M 0.00.22

143.960 0.0025
158.575 0.0028
174.652 0.0031
t90.729 0.0034

Moment, M Rotatio4 {

385.110 0.0157

3E9.495 0.0170

393.879 0.0183

399 .726 0.0 193

404.110 0.0212
409.957 0.022ß
412.880 0.0239

4t7.263 0.0255
426.033 0.0268
428.956 0.0283
434.802 0.0297

439.187 0.0308

443.57t 0.0318
u6.495 0.0331

455.263 0.0350

45E.186 0.0363

462571 0.0377
466.955 0.0389
469.E78 0.0400

204.613

2t8.497
233.843

249.t89
26t.6t2
274.034
293.035
3t0.572
323.726
338.342
348.572

357.341

364.649

370.495

0.0037

0.0040
0.0044

0.0047

0.0050

0.0052
0.0058
0.0064

0.0072
0.0082
0.0091

0.0104

0.0115

0.0129

,$0

360

Ê¡zo
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.å240
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f reo

120

t0
,t0

0

0 0.01 0.02 0.03

Iþtational Deformâtion (radians)

Fþre 4.235 (a) M4 curve for Surtees: Test C5
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Table 4.236 M{ data for Packer: Test Jl (1927)

Moment, M Rotation, 0
klrl-m radians

4.597

9.194
t3.79t
18.388

23.227

26.77s
30323
33.871
38.710
43.549

48.387

52.259

56.130
60.000
63.871

67.742
72.581
77.420
8l-29r

0
0.0003
0.0006
0.0009
0.0012

0.00r7
0.0019
0.0020

0.0022
0.0029

0.0036
0.0041

0.0055

0.0070
0.0089
0.0114
0.0138
0.0167

0.0200
0.0244

Momen! M Rotatio4 0

98.709

99-677
l0t.6l3
102.581

102.581

104.516

104.516

105.484

t06.452

0.0490
0.0524
0.0543
0.0587
0.061I
0.0645
0.0669
0.0698

o.0736
0.0780

lM.45Z 0.0814
to6.452 0.0843

107.419 0.0872

106-452 0.0910
106.452 0.0939
t04.516 0.0968
t03.548 0.0997
10l.613 0.102r
99.677 0.1041
98.709 0. 1055

ll0
!00

90

eso
+70
v60

950
€o

30

20

l0

0

83.226 0-0273
85.162 0.0302
88.065 0.0340
90.967 0.03?9
92.903 0.04 13

94.838 0.0452

0 0.02 0.04 0.06 o.o8
Rotationa¡ Ddormation (radians)

Fþre 4.236 (a) M{ curve for Packer: Test f l
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Table A.237 M-{ data for Packer: Test J2 (1977)

Moment M Roøtio4 {
kì.1-m

3.?50

6.563
9.375

tl.7t9
14.063

16.406

18.750

22.500
24.37 5
27.t47
30.000

33.750

37.501

38.437
40.781

43.t25
46.875
49.688

5t.562
54.375

56.7 t9
59.062
62.812
64.688
66.563

0
0.0005

0.0010

0.0014
0.0017

0.0019

0.0024

0.0029
0.0034

0.0043

0.0048
0.0058

0.006E

0.0082
0.0096
0.0106

0.0116
0.01,10

0.0159

0.0183

0.0212
0.0229
0.0246
0.0284

0.0308
0.0347

Moment, M Rotatio& 0

68.438

7t.250
72.188

73.t25
74.ß3
75.000

75.000

76.475
n.813
7E.750

79.68E

79.688

80.625
81.562
82.500

83.437

85.312
86.250

87.187

89.062

89.062

90.001

89.062

0.0424
o.0477
0.0516

0.0559

0.0578

0.0617
0.0660

0.0708

0.0757
0.0790
0.0829

o.o872
0.0916
0.0954

0.0993

0.1041

0.1080
0.u08
0.u57
0.1195

0.1234
0.t263
0.t287

80

70

T60z
tlso
Ë,
po
o
ã¡o

m

t0

0

0 0.02 0.04 0.06 0.0t 0.1

Rotational Ddomration (radia$)

Figure 4.237 (a) M-$ curve for Packer: Test 12

O E)Fcrir¡c¡rål Dåfr

-Modificd 
Functiod

E¡tc lcd End Pl¡ac Colm.{dotr
Sbqs!zÊ:248 x lJ
w2s4xt02uB22

lrl¡-7t kN'm
Fâlñêrs: . Ml6 ø
M¡tc¡ial: G,l0.2l

0 0.05 0.1 0.15 0.2 0.25 0.3 035
Normalized Rotatio& ô/0p

Figure 4.237 (b) Eurocode3 Classification ofPacker: Test J2



Table 4.238 M'{ data for packer: Test J3 (1977)

Moment, M Rotatioq 0
Icl.I-m

0
3.750
6.563

9.375
I1.719
14.063

16.406

18.750

22.500
24.375
27.187
30.000

33.750
37.501
38.437

40.781
43.t25
46.875

49.688
5t.562
54.37s
56.7t9
s9.062
62.8t2
64.688

66.s63

0.0005

0.0010

0.0014
0.0017

0.0019
0.0024
0.0029
0.0034
0.0043
0.0048
0.0058

0.0068

0.0082

0.0096

0.0106
0.0u6
0.0140
0.0159

0.0183
o.0212
o.0229

0.0246
0.0284
0.030E

o.0347

Momen! M Rotatio4 {kl.l-m radi¿¡s

68.438 0.0424
71.250 o.om
72.188 0.0516
73.t25 0.0559
74.063 0.0578
75.000 0.0617
75.000 0.0660
76.87s 0.0708
77.813 0.0757
78.750 0.0790
79.688 0.0829

79.688 0.0872
80.625 0.0916
81.562 0.0954
82.500 0.0993
83.437 0.104r
85.312 0.1080
86.250 0.1108
87.1E7 0.1157
89.062 0.1195
89.062 0-t234
90.001 0.1263
89.062 0.t287

80

70

Froz
È9so
Ë
frco

E¡o

t0

0

0 0.02 0.04 0.06 o.o8 O.!
Rotational Deformation (radians)

Fþre 4.238 (a) M-$ curve for Packer: Test J3
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Table 4.239 M-$ data for Grundy: Tl (1980)

Moment, M Rotatior\ S
ll.l-m radians

00
36.440 0.0001
72.881 0.0002
¡07.586 0.0003
142.292 0.0004
u6.9n 0.0005
2tt.702 0.0006
246.407 0.0007
28l.ll3 0.0008
315.818 0.0009
350.523 0.0010
38E.699 0.0011

426.E75 0.0012

454.639 0.0013
482.403 0.00t4
517.109 0.0016
551.815 0.0017
586.520 0.0019
621 .225 0.0020
655.930 0.0022
690.636 0.0023
725.341 0.0025
760.046 0.0027
783.183 0.0029

806.320 0.0030

829.457 0.0032

Moment, M Rotatio4 $

87t.lo2 0.0036
EEE.455 0.0038
905.808 0.0040
909.279 0.0042
9t2.749 0.0044
926.63t 0.0046
940.513 0.0047

800

700

i 600z
È9soo

Ë
Ë 

ooo
o
E ¡oo

100

0

0 0.002 0.004

Roøtional Deformation (radians)

Figure 4239 (a) M4 curve for Grundy: Tl
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Table L240 M-{ data for Grundy: T2 (19S0)

Moment, M Rotatior\ {

0
34.824
69.648

104.473
139.297

188.050

236.A04
285.557
320.382
355.206
390.030
424.8s4

463.t6t
501.46E

0.0001
0.0002

0.0003

0.0004

0.0005
0.0007

0.0008
0.0009
0.0010
0.001I
0-0011

0.0012

0.0013

Moment, M Rotatioa {
klil-m m¡lian<

905.427 0.0036
9t9.357 0.0039
933 .287 0.004 I
940.252 0.0043
947.2t7 0.0ø4
954.181 0.0046
961.t46 0.0047
968.111 0.0050
975.076 0.0052
978.558 0.0054
982.041 0.0055

97E.558 0.0057
ns.o76 0.00s9

539.774 0.0014
578.081 0.0015
609.423 0.0016
640.765 0.0017
672.t06 0.001E
703.448 0.0019
734.790 0.002t
766.132 0.0023
797.473 0.0026
828.814 0.0028
853.191 0.0030
877.568 0.0032

1000

900

800

^7@
à óoo
&
- 500

E 4ooo
,¿ 3oo
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100

0

0 0.002 0.004
Rotational Defon¡ìatiotr (r¿dians)

Fþre 4.240 (a) M4 curve for Grundy: T2
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Table A.241 M-{ data for Sherbourne: Test A2 (1961)

Moment, M Rotatio¡L 0

22.as7 0.0001

45.715 0.0001

68.572 0.0002
91.430 0.0002

107.330 0.0002
t23.230 0.0002
143.106 0.0004
162.982 0.0005
182.858 0.0007
200.747 0.0008
218.635 0.0009

234.536 0.001r

250.436 0.0013

278.263 0.0013

294.t63 0.0014
310.064 0.0015

337.891 0.0022
353 .791 0.0024
369.691 0.0026
345.592 0.0030
401.494 0.0033
42t.369 0.0038
437.270 0.0045
457.146 0.0053

Moment M Rotation, 0

496.897

512.798
520.749

528.699
536.649

544.599
548.574
552.550
556.525
560.500
564.475

0.0070

0.0081

0.0092
0.0100
0.0107
0.0117

o.0127
0.0136

0.0144
0.0151

0.0157

0.0164

500

?¿oo
2
ê,
- 300

jzoo

100

568.451 0.0171

572.426 0.0179

576.401 0.0186
580.376 0.0t95
584.352 0.0203

584.3s2 0.0201
s883n 0.0210
592.302 0.0218
592.302 0.021ó
592.302 0.0224
s92.302 0.0231

592.302 0.0238

592.302 0.0244
473.047

0 0.005 0.01 0.015 0.02

Rot¿tional Defonnation (râdia$)

Figure 4.241 (a) M-0 curve for Sherbourne: Test A2
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Table A.242 M-g data for Sherboume: Test A3 (1961)

Momeng M Rotatior¡ {
lcN-m

0
32.t38
60.2s8
88.379
t20.517
152.656

t76.7s8
194.836

212.914

245.052
273.t72
301.293

333.431

361.5s2
379.630
397.707
429.845
/161.983

474.035

4E6.087

506.t72
522.242

52E.267

534.293
550.363

562.4t4

0.0002
0.0002
0.0005
0.0007
0.0007

0.0007

0.0008
0.0009

0.0007
0.0009

0.001I

0.0018

0.0020
0.0022
0.0024
0.0033

0.0048

0.0053

0.0066

0.0073
0.0085

0.0095

0.0104
0.0115

0.0130

Moment, M Rotatio4 0

586.518 0.0157
594.553 0.0167
602.586 0.0179
60E.612 0.0189
614.638 0.0198
620.664 0.0210
626.690 0.0221
630.707 0.0235
634.724 0.0249
638.742 0.0259
642.759 0.0268

646J76 0.0278
650.794 0.02a7
652.802 0.0296
654.811 0.0304
660.A37 0.03 16

666.863 0.0327

600

500

2&ott
6¡oo
Eo
ã roo

100

0 0-005 0.0t o.ol5 o.o2 0.025 0.03
Ilotatioml Deformation (radians)

Figure A.242 (a) M<f curve for Sherboume: Test A3
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Table A.243 M-S data for Sherbourne: Test Bt (1961)

Moment, M Rotatioq 0

0

29.8t4
59.628
45.466
I11.305
l3l.l8l
151.057

168.945

186.833

206.709

226.sE5
244.473

0.0001

0-0002

0.0004
0.0005

0.0006

0.0007

0.0008

0.0009
0.0010
0.0010
0.001I

Moment, M Rotatio4 0
ld.I-m radians

496.6t8 0.0148
512.798 0.0t77
520.749 0.0194
528.699 0-0211

s28.699 0.02 I I
540.624 0.0236
548.574 0.0255
552.743 0.0274
557.748 0.0292
561.112 0.0308
5Ø.475 0.0324

576.,t01 0.0353

576.401 0.0373
580.376 0.0389
584.352 0.0,105

586.339 0.0421

5a8327 0.0437
596.2n 0.0,t65
596.n7 0.0494
600.253 0.0s17

604.227 0.0547
612.177 0.os77
6t2.t77 0.0606
6l6.ts2 0.0616

262.362 0.0012

278-262 0.0013
294.t63 0.0014
321.990 0.0019
337.891 0.0022
365.7t6 0.0028

381.617 0.0036

397.518 0.0044
4t3.554 0.0055

429.590 0.0065
44t.685 0.OO77

4s8.t75 0.0093
469.586 0.0107
480.996 0.0120

500

F 4ooztt
Ë300Itr
>200

100

0

0 0.01 0.02 0.03 0.04 0.05 0.06

Rotational Defomation (r¿dians)

Fþre 4.243 (a) M4 curve for Sherboume: Test Bl

O Erçcritnctrlal Dal¡

-Modificd 
FÙrlcrion

E¡t nd.d End Pl¡ac Conn Êdon
Plstc Sizc 432 x 25
Beam: 15X5 RSJ42 À¿r--321 kN{D
F¿sic¡c¡s: Æ25 22ø
Måtcriål: G,m.2l

1.6

è r.¿

.J 1.2
ÉIÈro_
ã0.'
N

= 0.6

5 o.¡
z

0.2

0

0 0.05 0.t 0.15 0.2 0.25 0.3 0.35
Normalized Rotation, $ft'

Figure 4.243 (b) Eurocode3 Classification of Sherbourne: Test Bl



Table A.244 M{ data for Sherbourne: Test 82 (1961)

Momeng M Rotation, {

22.s26 0.0{rc0
45.052 0.0001
67.57a 0.0001
88.779 0-0002
109.980 0.0002
l3l.l8l 0.0003
151.057 0.0006
175.902 0.0006
200.747 0.0006
225.592 0.0005
250.436 0.0005

Moment, M Rotation, 0

s20.749 0.0
532.675 0.0t42
536.648 0.0157
542.6t1 0.0169
s48.574 0.0180
552.5s0 0.0194
556.52s 0.0208
560.500 0.0218
s64.475 0.0227
568.451 0.0244
568.451 0.0254
568.451 0.0264

572.426 0.0281

576.401 0.0298
580.376 0.0313
sE/'.35z 0.0330
584.352 0.0343
584.352 0.0355

266..337

282.238
310.064

337.891
365.716
383.605
40t.494
425.3U
44s.220
465.096
477.02t
492.922
500.872

508.823

0.0006

0.0007
0.0010

0.00¡4
0.0021

0.0028
0.0034
0.0043

0.0052

0.0064
0.0076

0.0090
0.0100

0.0109

500

F 4oo
2
È9

Ë 300

o
> 2oo

100

0

0 0.0t 0.02 0.03
Rotational Defomation (radiam)

Figore i+244 (a) M<S curve for Sherbourne: Test B2
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Table 4.245 M-r$ data for lohnson: Test 5 (1960)

Moment, M Rotation, 0

4.782 0.0002

9.564 0.0003

t4346 0.0005

19.057 0.0007

23.767 0.m08
28.478 0.0010

33.18E 0.0012

37.899 0.0013
42.609 0.0015
47.606 0.0017
52.602 0.0019

57.s98 0.0021

62..45t 0.0023
67.305 0.0026

72.158 0.0028
76.583 0.0031

81.008 0.0035

85.433 0.0038

89.501 0.0041

93.569 0.00/t4
97.423 0.0049
10t.277 0.0053

104.489 0.0058
to7.70l 0.0062
u0.484 0.0068

Moment, M Rotatior\ {
kl.I-m radians

114.980 0.0078

lL6-479 0.0084

t17.978 0.0090

118.406 0.0095

118.835 0.0099

120.548 0.0105

122.26t 0.0 l 10

t22.690 0.0 I 17

t23.llE o.ot23
t23.974 0.0128
t24.A3t 0.0132

125.687 0.0137

120

t00

e
+r0g
660
o
à4fJ

0 0-002 0.004 0.006 0.008 0,01 0.012

Rotational Defornation (radians)

Fþre 4.245 (a) M4 curve for Johnson: Test 5
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Figure 4245 (b) Eurocode3 Classification ofJohnson: Test 5



Table A.246 M-g data for Bailey: B4-L (1970)

Moment, M Rotatioq {

7.E94

15.789

t5.789
23.921
32.054

42.t02
52.t49
s9.325
66.502

73.678
80.854

88.031

95.207

t04.296
113.386

lzl04t
128-696
t37.786
146.876
t59.316
166.971
t79.409
tE9.934
198.546

206.20t

0
0.0003

0.0005
0.0004
0.0006

0.0008
0.0010
0.0012
0.0015
0.0018
0.002r
0.0024

0.0025

0.0026

0.0029
0.0032

0.0033
0.0034
0.0037
0.0040
o.0042
0.0049

0.0055

0.0066

0.0077

0.0092

Moment, M Rotatio4 {
kN-m

224.38t 0.0128
23t.079 0.0148
234.907 0.0167
240.647 0.0188
242.562 0.0204
246.389 0.0223
248.302 0.0239
250 .2tS 0.0258
252.t30 0.0279
255.000 0.0297
255.9s7 0.031I

257.870 0.0327
2s8.827 0.0346
259.785 0.0363
260.742 0.0383
26t.698 0.0403
26t.698 0.0424

200

¡
!uo
É

ã ¡00

50

0 0.01 o.o2 o-03
Iìotational Deformation (radians)

Figure 1t246 (a) M-0 curve for Bailey: B4-L
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Table 4.247 M-0 dat¿ for Bailey: B4-R (1970)

Moment, M Rotation, {
kN-m

I1.93E
23.876
31.517
39.157

47.275
55392
64.465

73.538

80.701

87.864

95.504

0
0.0003
0.0006
0.0007
0.0007

0.0010
0.0012

0.0014

0.0015

0.00r7
0.0018

0.002t

Moment, M Rotation, {
kl.l-m radia¡rs

22634s 0.0146
229.2t1 0.0t62
233.030 0.0180
236.851 0.0198
239.7t6 0.0218
242.581 0.0236
246.401 0.02s6
248.312 0.0275
251.t77 0.0298

2s3.087 0.0315
254.04t 0.0332

255.952 0.0353
256.9M 0.0370
257.E62 0.0390
257.862 0.0409
25a.an 0.0427
2s9.77t 0.0442
260.727 0.0,+57

260.727 o.O{ts
260.727 0.0488

103.1,14 0.0023
109.830 0.oo24
116.515 0.0024
124.633 0.0026
132.751 0.0028
145.166 0.0032
1s6.627 0.0035
164.267 0.004 I
û4.n3 0.0052

187.189 0.0066
t96.739 0.0077
206.289 0.0090
212.019 0.0104
2t9.660 0.0119

200

+g ¡50
2

ã 100
¿

50

0 0.01 0.02 0.03

Rotational Deformation (r¿dians)

Figare A.247 (a) M4 curve for Bailey: B4-R
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Table 4.248 M<f data for Bailey: B5-L (t920)

MomenL M

8.628
17.256

26.363

35.471
43.t40
50.809

60.396
69j82
78.130
86.279

94.428

102.577

l12.l64
121.750

12a.940

I36.130
141.882

147.634
t55.303
t62.972
168.724

t74.476
185.022

t93.649
201.319

RotatiorL {
radians

0
0.0004

0.0007

0.0010
0.0012

0.0015
0.0017
0.0020
0.0023
0.0026
0.0029
0.0031

0.0033

0.0036

0.0039
0.0042
0.0045

0.0049
0.0052
0.00s9
0.0066
0.0072
0.0078
0.0093

0.0108

0.0122

Moment, M Rotation, {

209j46 0.0155
2t3.782 0.0176
2t7.6r6 0.0196
2t9.s33 0.0209
221.450 0.02?1
223.367 0.0241
223.a47 0.0252
224.327 0.0263
225.286 0.0282
225.286 0.0301
225.286 0.03t2
225.286 0.0323
227.203 0.0342
227.203 0.0356
227.203 0.0369
227.203 0.0386
2X7.203 0.0405
228.161 0.0422
229.120 0.0435

200

Ç rsoz
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50
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Figure 4248 (a) M4 curve for Bailey: B5-L
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Table 4.249 M-rþ data for Bailey: BS-R (1970)

MomenL M Rotatio¡L 0

0

E.164

t6.329
24.493
31.696
38.900
47.544
56.188
65.793

75.397

81.160
E6.923

0.0001

0.0003
0.0004
0.0006

0.0008
0.0010
0.0012

0.0014
0.0016

0.0017
0.0018

Moment, M Rotatio4 {
lù.I-m radians

202.181

206.022
208.905
2t3.707
216.588
217.548
220.431
222.350

223.3t2
224.272
225.233

225.233

225.233
226.r93
226.t93
226.t93
226.t93
227.154
227.154
22A.tt4
227.t54
227.t54
22,8.tt4

)4.607 0.0021

102.291 0.0023
109.975 0.0023
tt7.6s9 0.0022
tn.264 0.0025
136.869 0.0028
l43.lt2 0.0030

149.3s4 0.0032
156.078 0.0035

162.801 0.0038
169.525 0.0045

t77.208 0.0055

0.0082

0.0093
0.0106
0.0121

0.0133
0.0149
0.0165
0.0178

0.0199
0.021E

0.0236
0.0254

0.0273

0.0292
0.0311

0.0330
o.0344
0.0360

0.0380
0.0392
0.0407

0.0427
0.0443

0.0461

185.853

t92.577
0.0064

0.0073

0 0.01 0.02 0.03

Rotâtionâl Defonnation (radians)

Fþre 4249 (a) M-S curve for Bailey: B5-R
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Table A.250 M<{ data for Bailey: B6-L (1920)

Moment, M Roøtior\ {

t7.321
34.643
54.E52

75.061

89.496

t03.930
tt7.402
130.873

145.308

159.743

173.2t5

186.687

198.235

209.783
220.369
230.954
247.31O

263.665

275.2t9
2E6.772

304.083

314.67s
32s.267

338.731

354.118

0
0.0007
0.00r3
0.0018
o.0022
0.0025
0.0028

0.0032

0.0035
0.0038

0.0041

0.0045

0.0048

0.0051
0.0053
0.0057
0.0060

0.0067
0.0074

0.0078

0.0082
0.0095

0.0103

0.01t0
0.0123
0.0138

Momeng M Roratio4 g

363.76t
37337A
377.226
381.072

388.766
392.613

394.537

397.422
400.307

0.0150

0.0161
0.0179
0.0196
0.021 I
0.0227
o.o24s
0.0263
0.0275
o-o2a7

402.256 0.0306
403 .2t7 0.03 I 8

404.t79 0.0330
409.950 0.0351
410.9ll 0.0363
4tt.872 0.0374
4t7.643 0.0394
423.4t3 0.0414
423.413 0.0433
423.4t3 0.0451

400
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Fþre 4.250 (a) M'g curve for Bailey: B6-L
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Table 4.251 M+þ data for Bailey: BGR (1970)

Moment, M Rotatio¡\ {

0
t4.699
29.399

44.098

64.230

84.362

97.782
I I1.203
129.4t8
t47.633
166.807
185.981

198.443

210.905
223.368

235.E31

252.t28
268.424

281.850

0.0003

0.0007

0.0010

0.0012
0.0014

0.0018
0.w22
0.0026

0.0030
0.0034

0.0037

0.0041

0.0044
0.0047

0.m49
0.0054

0.0059

0.0066

Moment, M Rotation, 0

389.222

398.E13

400.71I
404.559

410.304
410.304

4r4.150
416.04E

419.896

420.857
42t.Atg

421.8I9
425.641

423.7t7
42l.atg
423.717

423.717

425.&t

0.0r62
0.0178

0.0200

0.0221
0.0241

0.0257

0.0279
0.0302
0.0320
0.0341
0.0353
0.0365

0.0382

0.0398
0.0410

0.0428

0.0442
0.0457

0.0465
295.276 0.0072
306.779 0.0079
318.281 0.0086
335.s42 0.0097
354.700 0.0111

366.216 0.0126
377.706 0.0144

400
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Fþre 4.251 (a) M4 curve forBailey: B6-R
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Table L252 M{ dataforBailey: B7-L (1970)

Momeng M Rotatio4 {

o
t2.655
25.309
36.758
48.207

59.656
72.3t1
84.965

95.812

106.658

118.409

130.159

141.005

15t.852
161.795
17t.73A
181.680
tgt.622
20t.s65
211.508

2t8.739
225.970

235.009
244.048

254.894

260.3t7

0.0005

0.0010
0.0014
0.0017
0.0021

0.0026
0.0030
0.0034

0.0037
0.0039

0.0041

0.0044

0.0046
0.0051

0.0056
0.0061

0.0065
0.w72
0.0079
0.0087

0.0094

0.0104

0.0114
0.0135

0.0152

Moment, M Rotåtioq 0

267548 0.0189
269 .357 0.02 I I
n2.97t 0.0235
276587 0-o2s7
277.49t 0.0270
278.395 0.0282
280.203 0.0305
283.818 0.0329
283.818 0.0348
282.914 0.0363
282.011 0.0377

285.627 0.0397
285.627 0.0î15
289.241 0.0434
2E7.434 0.0454
287.434 0.0469
289.24t 0.0483

250
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Fþre 4.252 (a) M4 curve for Bailey: BZ-L
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Table 4.253 M-þ data for Bailey: B7-R (1970)

Moment, M Rotatior\ $
lN-m

t0.2El
20.s6t
30.842
44.449

58.056

70.756
83.455

94.341

t05.227
l16.tt2
t26.997

I37-883

148.768

r59.654
170.539
18t.424
192.310
205-009

0
0.0003
0.0007
0.0010
0.0014

0.0018

0.0021

0.0024
0.0026

0.0028

0.0031

0.0035

0,0038

0.0042
0.0045
0.0049
0.0055

0.0060
0.0067

Momeng M Rotatior¡, 0

279.392
283.O21

286.650

287.557

288.464

291.185
293.907

295.721
29s.721
295.721

295.721

295.721

296.628
297.53s
299.3s0
299.350

299.350

299.350

0.0153

0.0163
0.0175
0.0186
0.0199

0.021I
0.0223
o.0234
0.0250

0.0261

0.0272
0.0282

0.0291

0.0304
0.0317
0.0334

0.0346
0.0358

0.0371
2t7.708 0.0074
232.222 0.0087
246.736 0.0100
254.900 0.01I I
263.064 0.0122
266.693 0.0133

270.322 0.0143
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Table 4.254 M-g data for Bailey: B8-L (1920)

Moment, M Rotation, ô

0

4.474
8.948

t3.421
t7.575
21.730
25.884
31.636
37.388
42.t8t
46.974
5t.767

56.561

6t.354
66.14E

0
0.0002

0.0003

0.0005
0.0006

0.0007
0.0008
0.0010
0.001I
0.0013

0.00r5
0.0016

0.0017

0.0017

Moment, M Rotation, 0
kN-m radians

108.329

109.287

il0.246
1t0.725

ll1.204
I11.843
tt2.482
t13.tzt
ll3.60l
114.080

114.720

115.359

I15.999

0.0086

0.0093
0.0101

0.0109
0.0116

o.0t22
0.0t29
0.0136
0.0143
0.0150

0.0157
0.0164

0.0170

0.0t77

7t.42t
76.693
E2.445

88.197

91.073
93.949

96.825
99.700

100.659

l0t.ó17
105.453

0.0018
0.0021
0.0023
0.0031

0.0039
0.0044
0.0049

0.0054
0.0059

0.0065

0.0071

0.0079
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Figure À254 (b) Eurocode3 Classification of Bailey: B8-L



Table 4.255 M{ data for Bailey: B8-R (1970)

Moment, M Rotation,o
kl.[-m radians

3.588 0.0005
7.176 0.0009
11.004 0.0012

14.831 0.0016
18.659 0.0019
22.486 0.0021
26.314 0.OO24

30.141 0.0026
34.606 0.0029

39.072 0.0031
43.s37 0.0034

47.364 0.0039

5t.t92 0.0043
56.454 0.0048
6l.717 0.0053
66.980 0.0058
72.242 0.0062
75.ttz 0.0068
77983 0.0074
81.332 0.0082

84.680 0.0089

87.5s1 0.0095

90.422 0.0100

92.336 0.01I I
94.250 0.0121

Moment, M Rotatioq ö

98.077 0.0137

99.991 0.0148
101.905 0.0158

102.861 0.0167
103.818 0.0175
t05.253 0.0184
106.688 0.0193
108.124 0.0m2
109.560 0.0210
t09.560 0.0220
t09.560 0.0230

u0.516 0.023E

ttt.473 0.0245
lll.95l 0.0254
112.430 0.0263
112.908 0.0273
113.386 0.0282
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Figure 4255 (a) M-S curve for Bailey: B8-R
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Table 4.256 Mg data forBailey: C9-L (1970)

Momen! M Rotatio4 {

3.E35

7.670
I1.504
15.338

18.694

22.050
24.U6
26.843
29.479
32.t15
34.991

37.867

40.503

43.139
46.Ot6
48.892

51.289

53.685
55.602
57.519

60.396

63.272
65.189
67.106
68.7a4

0
0.0004
0.0007

0.0010

0.0013

0.0016
0.0019

0.0021

0.0022
0.0023

Moment, M Rotatio4 {

7t.660 0.0079
72.858 0.0082
74.056 0.0087
75.255 0.0092
76.453 0.0098
77.652 0.0103
78.610 0.0108
79.569 0.0112
80.52E 0.0117

0.0024
0.00.27

0.0030

0.0032

0.0033
0.0036

0.0038

0.0040

0.0042
0.0045
0.0048

0.0052
0.0056

0.0061

0.0066
0.0071

^60
z
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o

20
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Fþre 4.256 (a) M-0 curve for Bailey: C9-L
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Table A.257 M-þ data for Bailey: C9-R (1970)

Momenq M Rotation, {

2.876 0.0003
5.751 0.0006
8.867 0.0009
11.983 0.0011
15.338 0.0014
18.694 0.0017
21.570 0.0020
24.U5 0.0022
27.082 0.0025
29 .7 18 0.0027
32.tt5 0.0029

MomenÇ M Rotatio4 +
kN-m

72.139 0.0104
73 338 0.0 I l0
74.Tt6 0.0I 16

76.213 0.0122
77.172 0.0131
78.130 0.0139
79.089 0,0147
80.0,+8 0.0155
80.288 0.0163
80.s28 0.0171
E1.007 0.01E0

81.486 0.0188

8t.726 0.0195

81.966 0.0202
81.966 0.02t2

34.s12 0.003r
37.867 0.0034
4l .222 0.0037

44334 0.0040

47.454 0.0042
50.569 0.0045
53.685 0.004E

56.561 0.0053
59.436 0.0058
62.073 0.0066
64.709 0.0073
68.545 0.0083
69.743 0.0091

70.94t 0.0098

^60È

É¿nIEo

20

0 0.005 0.01 0.015
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Fþre 4.257 (a) M4 curve for Bailey: C9-R
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Figure 4257 (b) Eurocode3 Classification of Bailey: C9-R
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Table 4258 M-g data for Bailey: Cl0-L (1970)

Moment, M Rotation, 0

t0.626
2l.zst
29.945
3E.640

45.401
s2.162
59.407

66.652
74.380
82.108

90.3 t9
98.530

tos.292
I ¡2.053

0
0.0002
0.0004
0.0006
0.0007

0.0008
0.0009

0.001I
0.0013

0.00I4
0.0014

0.0016

0.00r8
0.0021

0.0023

Moment, M Rotatio4 {
ld,{-m radianc

1E6.433 0.0082
189.009 0.0087
191.586 0.0093
194.t62 0.0098
198.026 0.0105
201.890 0.0u2
204.466 0.01t8
207.042 0.0123
209.618 0.0129
212.033 0.0136
2t4.447 0.0143

216.862 0.0151

2t9.277 0.0158

118.332 0.0024
l24.6lt 0.0025
t32.339 0.0030
140.067 0.0035
t45.E63 0.0040
151.659 0.0045
160.353 0.0052
t64.700 0.0056
t69.046 0.0060
172.910 0.0066
t76.775 0.007t
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Fþre 4.258 (o) M-0 curve for Bailey: CIO-L
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Table 4.259 M-{ data for Bailey: CIO-R (1970)

Moment, M Rotatioq {
kN-m radians

8.372 0.0002

t6.743 0.0004

25.115 0.0006

34.292 0.0008
43.469 0.0010

51.197 0.0013

58.925 0.0016
69.551 0.0017
76.312 0.0020
83.074 0.0022
89.353 0.0024

95.631 0-0025

rc2.476 0.0028

ll0.l2l 0.0030

Moment, M Rotatior¡ {
lù.1-m

183.053 0.0099

185.468 0.0105

189.332 0.0113
193.196 0.0120

196.577 0.0130
199.958 0_0139

202j72 0.0 149

204.787 0.0159
206.7t9 0.0168

208.65 I O.0t77
210.583 0.0187

2t2.5t5 0.0197

212.515 0.0205

212.5t5 0.0212
I15.435
120.748

126.543

132.339

139.584

146.829
t52.62s
ts8.42t
t64.216
t70.ot2
t75.325

0.0032
0.0033

0.0036

0.0038

0.00,t4
0.0049

0.0055
0_0061

o_0068

0.0075

0.0084
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Fþre 4.259 (a) M-S curve for Bailey: Cl0-R
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Figure 4.259 þ) Eurocode3 Classification ofBailey: CIO-R
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Table A.260 M-S data for Bailey: Cl l-L (1970)

Momeng M Roøtion, {

6.963

13.927

20.6s0
27.374
33.617
39.860
46.103
52.345
58.589

64.A33

69.635

0.0002
0.0003

0.0006
0.0008

0.00t0
0.0011

0.0013

0.00r4
0.0017

0.0019
0.0020

0.0021

0.0023
o.0024

MomenÇ M Rotation, þ
kl.l-m radians

142.631 0.0050
143.591 0.0053
t44.552 0.0055
l45.5tZ 0.0058
148.394 0.0062
t51.276 0.0065
153.197 0.0068
l55.l18 0.0071
156.078 0.0075
157.038 0.0078

74.437

80.200

85.963
92.206 0.0026
98.449 0.0028
t02.771 0.0030
t07.094 0.0032
ul.4l6 0.0033
115.738 0.0033
t20.s4l 0.0035
t25.343 0.0037
132.066 0.0040
135.428 0.0042
138.790 0.0044

t20

2,
Èt
:80
I
o

,o

0 0-001 0.002 o.oo3 o.oo4 o.oo5 o.(x)6. Rorational Ddormation (radians)

Figure 4.260 (a) M-g curve for Bailey: Cl l-L
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Table A26l M-þ data for Bailey: Cl l-R (1970)

0
7.203

t4.407
2t.6t0
27.694
33.777
39.860
46.583

53.307

58.589

63.871

69.t54

74.437

79.240

84.042
91.24s

98.449
t04.692
110.936

114.778
118.620

122.462
127.264

132.066
t34.628
137.189

0.0003
0.0005
0.0008
0.0010
0.0012
0.0014

0.0017
0.0019
0.0021

o.0022
0.0024

0.0026

0.0028
0.0030

0.0032
0.0033

0.0036

0.0038
0.0040
0_0042

0.0044

0.0046
0.0047

0.0049
0.0052

€*o

o
¿

40

0 0.001 0.002 0.003 0.004 0.ûr5
Rotational Deformation (radians)

Figure 4.261 (a) M4 curve for Bailey: Cl l-R
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Table L262 M+g data for Bailey: CIZ-L (1970)

Moment, M Rotatio4 0

10.525

21.050

3t.576
44.972

58.368
69.850

81.332
94.728
108.124

120.563
t33.002

t44.484

t55j67
170.319

l84.tt2
195.t97
205.723

215.291
224.860
240.169
255.479
265.O47

274.6t6
280.356

288.011

0
0.0004
0.0007

0.0011
0.0014

0.0017
0.0021

0.0025
0.0030
0.0034
0.0037

0.0040

0.0045

0.0049
0.0054

0.0059

0.0065
0.0070

0.0077
0.0084
0.0099
0.01l5
0.0133
0.0156

0.ot'17

0.0195

Moment, M Rotatior\ $
lù.I-m radians

293.752 0.0233
299.494 0.0251
301.407 0.0274
303.321 0.0296
305 .234 0.03 I I
306.t92 0.0324
307.t49 0.0336
307.t49 0.035s
309.062 0.0373
309.062 0.0392
309.062 0.04t2
312.889 0.0434

3rc.n6 0.0452
314.804 0-0474
312.E89 0.0485

300

i 200z
.Y

o
¿ 100

0 0.01 0.02 o.o3 0.04
I{otationâl Defonnation (radians)

Figure 4262 (a) M{ curve forBailey: Cl2-L
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Figure A.262 (b) Eurocode3 Classification of Buley: CIZ-L



Table A.263 M-S data for Baiþ: Cl2-R (1970)

Moment, M Rotatioq {
kl.I-m

16.359 0.0004

32.7t9 0.0007

48.115 0.0011

63.512 0.0014
77.947 0.0017
92.382 0.0019

106.816 0.0022

t2t.25t 0.0025
t32.799 0.0028

t44.346 0.0030

t54j32 0.0034

t65.517 0.0038

t79.95t 0.004t
194.385 0.0043
205.933 0.0048

2t7.482 0.0053
226.t42 0.0059
234.802 0.0065
246.350 0.0074
257.897 0.0082

266.558 0.0090

275.219 0.0098

290.6t6 0.0119

300.2,!0 0.0137
307.938 0-0159

Moment, M Rotatioq 0
kl.I-m radians

321 .4tt 0.020 I
322.373 0.0213
323 .335 0.0225
329.109 0.0247
331.033 0.0268
332.95E 0.0286
332.958 0.0304
332.958 0.0324
336.807 0.0342
336.807 0.0365

338.731 0.0383

338.731 0.0402

336.807 0.042 I
340.657 0.0442
340.657 0.0,159

340.657 0.0472

300

4zooe

o
ã ,oo

0 0.01 0.02 0.03 0-04

Rotational Defor¡nation (radians)

Figure 4.263 (a) M4 curve for Bailey: Cl2-R
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Table A.264 M-{ data for Bailey: Cl3-L (1970)

Moment, M Rotation" {

0
4.775
9.550

t4.326
l9.l0l
23.876
28.65t
33.Ot7

37383
46.1t6
59.2t3
72.583

85.954

101.234
I16.515
t3t.796
147.077

160.447

173.817

186.233
198.649

2t3.929
227.301

240.670
249.266

257.862

0
0.0001
0.0002
0.0003

0.0004

0.0005
0.0006

0.m07
0.000E

0.0010
0.0013

0.0017

0.0021

0.002s
0.0029
0.0033

0.0037
0.0040

0.0043
0.0046

0.0048

0.0053

0.0058

0.0066
0-0070

0.0074

Momeng M Roatio4 {
kl.l-m

244.û3 0.0090
291.288 0.0096
2n.974 0.0102
302.749 0.0107
307.524 0.01t2
31r.344 0.0117
315.164 0.0t22
318.984 0.0128
322.E04 0.0134
325.669 0.0140
328.534 0.0145

329.489 0.0151

330.445 0.0157
331.400 0.0¡63
332.355 0.0 168

300

tr 200

Eo
E roo

0

0 0.005 o.0r 0-olJ
Roøtional Deformation (radians)

Fþre 4.264 (a) M4 curve for Bailey: Cl3-L
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Table 4.265 M-{ data for Bailey: Cl3-R (1970)

Moment, M Rotatio& 0
kN-m

00
t4.720 0.0002

29.440 0.0004

43.685 0.0008

57.930 0.0012
72.175 0.0015
86.420 0.0018
100.66s 0.0021
ll4.9l0 0.0023
t26j05 0.0026
t37.70t 0.0029
t49.O97 0.0032

t60.494 0.0034

175.6E9 0.0037
184.236 0.0040
192.783 0.0042
202.279 0.0048

2t5.574 0.0054
226.97t 0.0059
242.t66 0.0069
25t.662 0.0076
261.158 0.0083
267.806 0.0090
274.455 0.0096
28t.r02 0.0102
287.750 0.0107

Moment, M Rotatio4 {

299.t45 0.0122
302.944 0.0131

306.742 0.0139
310.541 0.0147
314.340 0.0154
316.240 0.0162
318.139 0.0170
319.089 0.0179
320.039 0.0187
320.039 0.0195
320.039 0.0203

'¿zoo
èt

ô
'¿ t00

0 0.005 0.01 0.015

Roøtional Deformation (radians)

Fþre 4.265 (a) M4 orrve for Bailey: Cl3-R
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Figure 4265 (b) Eurocode3 Classification of Bailey: Cl3-R



Table 4.266 M<þ data for Surtees: Test C6 (1970)

Moment, M
lù.I-m

23.452
46.905

64.494
82.083

108.466

r34.850
156.103

177.356
t96.4tr
215.466
239.651

263.A36

285.089

306.342
327.595
348.848

364.972
381.095
400.r50
4t9.205
440.458

46r.7tt
489.56r
510.081

530.602

Rotation, 0

0
0.0002
0.0003

0.0005
0.0007

0.0010
0.0012

0.0014
0.00t6
0.0018

0.0020
0.0023

0.0025

o.0027
0.0029

0.0031

0.0033

0.0035
0.0037
0.0039

0.0040

0.0042
0.0044
0.0048

0.0052

0.0061

Moment, M Rotatioq {
kl.l-m

558.451

564.3t4
57r.6U
574.575

580.437
584.834
589.233

590.698
593.630
595.095

596.561

598.026

602.423
603.889

605.356
60a.287
609.753
6tt.2t9
612.684
615.615

6l7.0EI
6t8.547
621.41A

I 0.0071

0.0084
0.0099

0.01l5
0-0132

0.0148
0.0161

0.0176
0.0191

0.0209

0.0222
0.0237

0.0257

o.0272
0.0289

0.0302
0.0313
o.0326
0.0339
0.0351

0.0363

0.0375
0.0386

0.0400

J0o

T 4oozé
Ë ¡ooItro
¿200

t00

0

0 0.01 0.02 0.03
Rotational Deformation (ndiars)

Figure 4.266 (a) M<þ curve for Surtees: Test C6
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Fþre 4.266 (b) Eurocode3 Classification of Surtees: Test C6



Table L267 M-{ data for Johnstone: Test l-L (l93l)

Moment, M Rotâtio¡L ó

00
tt.375 0.0001
22.751 0.0001
34.t25 0.0004
45.500 0.0006
56.E75 0.0009
68.251 0.0011
79.626 0.0014
93.t34 0.0014
106.642 0.0013
117.306 0.0015
t27.970 0.0017

140.056 0.0023

152.142 0.0029
162.806 0.0035
t73.470 0.0041
184.846 0.0047
196.22t 0.0052
204.04t 0.0061
2tt.862 0.0069
224.659 0.0097
233.190 0.0120
240.300 0.0147
247.4t0 0.0173
252.387 0.0195
257363 0.0217

Momeng M Rotatior¡ {
kì.I-m radians

263.05t 0.0263

265.1E3 0.0286
267.3t6 0.0309
268.027 0.0330
268.738 0.035 I
270.159 0.0387
273.004 0.0420
273.714 0.0439
274.425 0.0458
275.847 0.0494
2n.269 0.0531

278.691 0.0555

280.112 0.0578
2A2.957 0.06t3
2E3.668 0.0637
284.379 0.0661

285.090 0.0684
285.800 0.0706
286.511 0.0726
287.2T¿ 0.0746

250

Suoo
ù,

- 150

E

!roo

50
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Ftgure A.267 (a) M-0 curve for lohnstone: Test l-L
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Figure A.267 (b) Eurocode3 Classification ofJohnstone: Test l-L



Table 4.268 M<þ data for Johnstone: Test l-R (1931)

Momen! M Rotation, $

0
n.nr
25.943

38.914
5r.886
64.857
78.399
91.941

t04.057
l16.t73
t26.152
136.130

151.097

166..064

181.030

t9s.997
206.689

2t7.380
227.357
237.335
25t.590
255.866
260.t43
262.993
265.844
268.69s

0.0001
0.0002
0.0004
0.0005

0.0006
0.0008

0.0009
0.001I
0.0013

0.00¡6
0.001E

0.0023

o.0027

0.0034
0.0041

0.0048

0.0054
0.0073

0.0091

0.0123

0.0143
0.0163

0.0r85
0.0207
0.0232

Moment, M Rotation, QlN-m radians

272.972 0.0n9
27439A 0.0301

276.s36 0-0323
278.674 0.03M
280.099 0.0363
24L524 0.0381

284.375 0.0404
287.226 0.0426
290.077 0.0445
292.928 0.0464
295.77E 0.0487

298.629 0.0510

301.480 0.0535
304.331 0.0559
305.044 0.0581
305.756 0.0603
311.459 0.0639
311.459 0.0675
309.321 0.0704
307.183 0.0733
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Fþre 4.268 (a) M-ö curve for Johnstone: Test l-R
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Fþre 4.268 (b) Eurocode3 Classification of Johnstone: Test l-R



Table A.269 M-{ data for Johnstone: Test 2-L (1981)

Moment, M Rotatio¡L ü
lN-m ¡adians

13.898 0.0004
27.796 0.0008

39.674 0.0010
51.553 0.0012
63.432 0.0014
76.26t 0.00t8
E9.090 0.0022
l0l.9l8 0.0026
tt3.322 0.0029
124.726 0.0032

136.130 0.0035

146.108 0.0039

156.086 0.0043

166.064 0.0047
t78.892 0.0053
l9t.72t 0.0058

204.551 0.0068

Moment,M Roøtio4 {
kl.I-m radians

265.844
264.695

271.546
272.259

272.97 |
274.397
275.823
2:ns61
280.099
281.049

2E2.000

282.950

284.851

286.751

288.651

290.077
291.503

292.928

0.0343

0.0375

0.0405
0.0434

o.0466
0.0497
o.gsn
0.0556
0.0585

0.0613

0.0642

0.0669

0.0695
o.0722
0.0752
0.0781

0.0800
2t7380
229.496
241.613

247.314
253.016

258.718
261.O93

263.468

300

250

F 200
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Ë 150

o
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50

0

0.0077
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Figure 4269 (a) M{ curve for Johnstone: Test 2-L
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Figure 4.269 (b) Eurocode3 Classification ofJohnstone: Test 2-L



Table L27O M{ data for lohnstone: Test 2-R (1981)

Moment, M Rotation, 0

0
12.750
25.500

38.250
51.001

63.751
73.30t
82.Esl
92.402
102.w7
I13.413
123.918

133.469

t43.020
152.570
164.03r
t75.492
184.565

t93.637
202.710
214.887

227.065

232.795

238.525
242.1O7

245.688

0.0002
0.0004
0.0006
0.0008

0.0010
0.00t4
0.0019
0.0023

0.0028
0.0033

0.0038

0.0043

0.0049
0.0054
0.0060
0.0065
0.0072
0.0080

0.0087
0.0110

0.0132
0_0159

0.0185
0.0215

0.02u

Moment, M
kN-m

248.s53 0.0274
25t.4t8 0.0303
253.567 0.0333
255.7t6 0.0363
257.149 0.0400
258.582 0.0437
260.014 0.0,+65

26t.447 0.0493
260.014 0.0523
258.582 0.0553
258.104 0.0584

257.627 0.0615
257.149 0.0646
257.a65 0.0684
258.582 0.0721
260.014 0.0744
26t.447 0.0766
z6t.u7 0.0799

Rotation, ô

200
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Fþre 4.270 (a) M-ô curve for Johnstone: Test 2-R

O E4c¡irn nt¡l h¡'

-Modificd 
Functiori

Erttndd End Pl¡lc Co¡¡nccdon
Plâtc Size 570 x 32
Bcam: 310 UB46 l¡t--216 kNrn
Fålcncrs: G8.t lif30 ø
Marcri¡l: c,l0.2l

1.2

>l:;à
Ë o.s
9

E o.e
!
N
ã 0.4

o
Z o.2

0

0 0.05 0.t 0.15 0.2 0-25 0.3 0.35
Normalized Roratioq 0/0p

Figure 4270 (b) Eurocode3 Classification ofJohnstone: Test 2-R



Table A.271 M{ data for Johnstone: Test 3-L (1981)

Moment, M Rotation, 0

00
9.74t 0.0002
19.481 0.0005
29.222 0.0007
39.675 0.0009
50.128 0.0010
60.581 0.0012
70.s59 0.0017
80.538 0.0022
90.516 0.0027
100.019 0.0032
t09j22 0.0038

119.025 0.0043

128.528 0.0050
138.031 0.0057
147.534 0.00óÍ
160.362 0.0079
t73.l9l 0.0093

t83.882 0.0109
t94.572 0.0124
205.976 0.0156
2t7 .380 0.0 188

230.209 0.0247
233.772 0.02a2
237.335 0.0316
240.t86 0.0363

Moment, M Rotation, $

245.888 0.0,168

248.739 0.0525
2s0.877 0.058t
253.015 0.0636
253.728 0.0673
254.U1 0.0710
257.292 0.0773
260.143 0.0835
261.568 0.0883
262.993 0.0932
264.419 0.0980

267.983 0.1037

27t.546 0.t093
272.259 0.u41
272.97t 0.1188
272.496 0.t233
272.021 O.l27A

27r.s46 0.t323
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Figure 4.271 (a) M-0 curve for Johnstone: Test 3-L
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Table A.272 M-þ data for Johnsrone: Test 3-R (198I)

Moment, M Rotatioq 0
llil-m radians

0
9.005

18.01I
27.016
35.073

43.130
51.188
62.563
73.93E

84.602
95.267

t06.642

I18.017

t26.O75
t34.t32

0
0.0002
0.0004
0.0006
0.0007
0.0008
0.0009
0.0014
0.0018

0.0027
0.0035
0.0042

Moment, M

225.133

224.450
231.768
234.138
236.508
238.878
238.878

238.878
238.404

Rotatior\ 0
radians

0.0250

0.0273
o.0297
0.0320
0.0341
0.0363
0.0384
o.0402
0.0420
0.0438

142.t89 0.0064
t52.t43 0.0077
162.096 0.00E9
t72.049 0.0103
182.003 0.0116
190.534 0.0134
199.066 0.0152
205.464 0.0173
2t1.862 0.0194
2t5.t79 0.0213
2t8.497 0.0231

0.0049

0.0054
0.0059

237.930 0.0456
237.456 0.0474

238.A78 0.0485

m0
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50
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Figure A.272 (a) M-S curve for Johnstone: Test 3-R
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Figure A.272 (b) Eurocode3 Classification ofJohnstone: Test 3-R



Table 4.273 M-S data for Johnstone: Test 4-L (1981)

Moment, M Rotation, 0

0
I1.020
22.039

33.059
46.389

59.720
68.962
7A.204

87.446
99.7t0
ttt.974
tt9.972

127.970

137.035

l,+6.099

155.r64

t64.229
t73.E27
t83.425
195.155

201.553

207.952
2t4.350
220.749
225.015
229.280

0.0001

0.0003
0.0004

0.001I
0.0017
o.0022
0.0028
0.0033

0.0039

0.0044
0.0055

Moment, M Roøtion, {
kN-m ¡adians

237.8t2
243.677
249.543

25r.675
253.808
257.541

26t.273
265.006
268.738

27033A
27t.937

270.A70

269.804
269.804
269.804

0.04E6

0.0526
0.0565

0.0602

0.0638
0.0684

0.0730

0.0770
0.0810

0.0065

0.00E2

0.0098
0.0114

0.0129

0.0153
0.0176

0.0218

0.0245
0.0271

0.0306

0.0340
0.0375
0.0409
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Fþre 4.273 (a) M-ö curve for Johnstone: Test 4-L
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Figare A.273 (b) Eurocode3 Classification offohnstone: Test 4-L
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Table 4.274 M-$ data for Johnstone: Test 4-R (1981)

Moment, M Rotatiotr, 0
kN-m radians

9.124
18.248

27.372
36.496
45.441
54.386
63.332
71.204
79.075
86.947
94.461

101.975

109.4E9

I16.646
t23.802
130.959

t37.399
143.840

150.280

157.257

164-235

170.138

t76.042
179.799

183.556

0

0.0006
0.0012

0-0018
0.0024
0.0029
0.0035
0.0040
0.0047

0.0054
0.0061
0.0070

0.0078

0.00E7

0.0098
0.0109
0.0120
0.0126
0.0133
0.0t39
0.0156

0.0112
0.0195

0.0218

0.0240
0.0262

Moment, M Rotatio4 $

187.135 0.0298
188.924 0.0316
19t.429 0.0339
193.933 0.0363
196.438 0.0386
t97.153 0.0403
¡97.E69 0.0419
198.584 0.0436
195.364 0.0458
l92.tu 0.0479
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Figure A.274 (a) M4 curve for Johnstone: Test 4-R

O E çcrindrtrl lhtr

-Modificd 
Function

Ertctldd EDd Pl¡tc Conn <don
!þSlslzÊ 530 x 16

BsE:310 UB46 [4-216 kN{n
Es@Gt.8 M24 ø
M8sid: G40.21

0 0.05 0.1 0.t5 0.2 0.25 0.3 0.35
Normalized Rotatio¡\ 0/6

Figure A'274 (b) Eurocode3 Classification ofJohnstone: Test 4-R




