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iv
" SYNOPSIS

When composite action is provided for members in a struc-
tural system, a greater saving in materials.and also greater
structural rigidity.can be achieved. Composite construction for f
this reason is becoming increasing popular both in bridge

structures and more recently in building frames.

This report presents a theoretical investigation of the
effects of providing composite action in a building steel frame
and its advantages; economic as well as structural rigidity when

compared to a corresponding non-composite steel frame.

A comparison of the changes in moments and relative cost
on a weight saving basis of a composite steel frame to that of
a non-composite one is made with reference to a typical two--
story, two-bay rigid frame( Fig.4-1 ). The span length is.varied
from twenty feet to fifty feet, and for each span length the
live load to dead load ratio is varied from one to three. The
composite and fhe non-composite frames are analysed using the

STRUDL programs.

To realise the full advantages of composite action, the
variation of the moment of inertia along the composite beam is
taken into account in the analysis. Complete interaction is

assumed between the two composite components: concrete and steel.

This investigation indicated there is a definite advantage



SYNOPS1IS

in using composite construction — it has thg effect of reducing
the negative moments and increasing the positive moments. Since
the negative moments are the controlling forces; lighter members
can be used, while the increase_in stress at the positive

moment section can be taken care of by the composite section.
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CHAPTER 1

INTRODUCTION

1.1 General

Composite construction as it is known today was first
credited to H. Kahn in 1926, but the earllest investigations
in this fleld were conducted by Truscon Steel Co. in the U.S.
between 1921-23; by the National Physics Laboratory in England
between 1922-23 and by the Dominion Bridge Co. of Canada in
1922. These investigations considered steel beams that were
partially or completely encased in concrete and concerned
mainly with the interaction resulting from natural bond between
the two components. It was not until 1933 that mechanical
shear connectors were employed‘to transfer shears in composite
beams. These investigations began in Switzerland, and were

followed by others in the United States and Europe (15).

However it was not until 1944 that a code governing the
design and construction of composite beams was first published
by American Association of State Highways Officials. Since then
practically all investigations of composite action have utilized
mechanical shear connectors. The development and adoption of
a code governing building design followed somewhat laﬁer -
it was in 1952 that the AISC incorporate a chapter on composite
design of beams in it's specifications. Composite construction
consisting of a concrete slab attached to a steel beam by.

mechanical shear connecctors has since then become quite common




and it is also widely accepted as indicated in a questionnaire
conducted by the ACI (7). That composite construction has
achieved wide recognition is also evidenced by the number of

existing national codes governing its design (62, 56, 33, 5, 57).

A composite beam usually consists of a concrete slab
attached to a steel beam or girder by mechanical shear connectors
which forced the two componenté to act as—an integral unit,
when the beam is loaded. The shear connectors do this by
performing the functions of transfering horizontal shears and
pPreventing vertical separation between the slab and the beam.

The shear connectors may be considered as the most important

part of a composite beam.

To the present, a great many different types of shear
connectors have been used sucessfully. Fig.l.l shows the shgar
connectors in common use. Before the mid. 1950's, channels and
spirals were by far the most popular (15). Research on composite
construction using welded studs as shear connectors began in 1954.
Due to the ease in fabrication and flexibility in design, they
are currently the most popular. Other types of shear connectors
such as bar and hoop, tee and hoop, angle, inclined stirrup and
plate have been used with success, but thev are not so popular

as the welded studs.

The most common steel sections used in composite construct-
ion are the rolled wide flange beams and the built-up girders.

Fig.2.1l shows some of the sections that have been used in



composite construction.

The advantage of a composite beam lies ian the utili-

zation of the properties of the two different materials;

compression in concrete and tension in the steel beam. The com-

bined strength of the two components is very much greater than

that, when the components are acting alone. With this in

view, a properly designed composite beam can have the following

advantages as compared to a non-composite one.

1)
2)
3)
4)
5)

Savings in steel weight for a floor system.
Reduction in overall beam depth.

Longer spans are possible

Deflections are reduced.

Composite construction will result in a very stiff
floor system which can withstand strong vibrations

from machinery and other moving loads.
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1.2 Object of Study

Before the advewi.t of high-speed computers, it was usually
considereg impractical to carry out an 'exact' analysis for a
continuous composite structure, particularly a building frame.
Lacking such facilities, the result was to employ an approximate
method; consequently the full advantages of composite action
were not realised. The alternative is to use simple beam

construction.

However with the availability and wide use of large capa-
city and high-speed computers nowadays, it is just as easy to
analyse a rigid frame with non-uniform members as it is for a

simple beam structure.

The object of this investigation is to determine the effect
of composite action in a building frame by making an exact
analysis, so that the full benefit afforded by composite action

is realised.

The steel section used in this study will be a rolled

section without cover plates at the negative moment section or

at the bottom flange of the positive moment and composite section.

The use of a rolled section is by no means the most economical
section for a composite beam. A non-synmetrical section with
cover plates at the bottom flange of the composite section, in
combination with cover plates at the negative moment region, is
more economical. In general, further reduction in steel weight

can be achieved by transfering steel from the top flange to the



bottom flange as it is done in built-up sections. However the
prime concern of this report is to determine the effect of
composite action based only on the rolled steel section alone -

so that fabrication will also be limited to a minimum.

In addition, complete interaction between the steel and

concrete will be assumed for the analysis.



1.3 Previous Research

The earliest studies on composite beams began in the early
1920's and they dealt primarily with interaction between the
steel and concrete resulting from natural bond between the two
components. Experiments were carried out in Canada, Britain,

Europe and the U.S.A. at about the same time (15).

In Canada, the first tests were reported by McKay, Gillespie

and Leluau in 1923. Only two specimens~rolled sections fully
encased in concrete, were tested. McKay followed in 1927 with
a series of tests on 13 specimens; 7 were simply supported, of
which four were fully encased I-beams, two with only the top
flange encased and one with bond absent from the top flange of

a fully encased I-beam, and six fully encased beams were tested
for the study of continuity. They reported good interaction’
between the steel beams and concrete. Bond failures occgred

in the two partially encased beams and on the basis of the tests
he carried out, McKay recommended a working bond stress of

240 psi for fully encased beams.

In England, tests on fourteen floor specimens were carried
out at the National Physics Laboratory between 1922 and 1923.
A more comprehensive study was reported by Batho, Lash and
Kirkham in 1939 on tests performed on twenty-seven composite
simple beams. Eighteen of these beams were fully encased
I-beams, while nine were partially encased. From these tests,
the investigators concluded that the theory of reinforced

concrete (assuming complete interaction between steel and




concrete) is applicable to composite beams as long as bond
between steel and concrete.is not broken. They recommended an
allowable bond stress of 60 psi for fully encased beams and

50 psi for partically encased beams.

In Europe, tests on composite beams without shear connec-
tors were reported by Stlissi, Cumbernac and Baes. Stlussi
reported that beams tested failed at between 80% and 1003 of

the theoretical fully plastic capacity and that preloading has

no effect on the ultimate capacity. He suggested that composite

beams can be designed on the basis of their ultimate moment

capacity.

The first composite beams tested in the U.S.A. were
slightly different, in that natural bond was angmented by some
mechanical means. Tests in 1923 carried out at the University
of Nebraska, Perduc University, Mass. Institute of Technology
and at the Truscon Steel Co. has rolled beams with prongs
attached to the edges of the top flanges. Good interaction
between steel and concrete and high overload capacities were
Observed. R.A. Caughey in 1929 also recommended an allowable
bond stress of 60 psi for fully encased beams, on the basis

of tests on six composite T-beams.

Most of the previous tests investigated behavior under
static loading only. 1In 1939, Greunig in Germany investigated
the effect of vibrating load by testing four fully encased

beams under an oscillatory load. More recently in 1951, Fuller



performed a test on an actual bridge structure (3) with
partially encased beam (only top flange encased in concrete).
He reported both a definite presence and absence of composite
action in different parts of the bridge slab and stringer

structure.

Partically encased beams as indicated above cannot be
fully relied on to provide the bond necessary for composite
action when subjected to large fluctuating loads. Stussi and
Caughey advocated the use of mechanical shear connectors to
carry the horizontal shear. The first systematic studies of
beams with mechanical connectors was carried out by
in 1933 in Switzerland. The mechanical connectors employed
were spiral shear connectors and the specimens tested were
mainly push-outs and a few T-beams. Further tests on both
push-outs and T-beams with the'same type of connectors followéd
in the U.S. These tests were conducted at Columbia University,
Lehigh University and by Mains at Lehigh University, and by

Viest for Nelson Stud Welding between 1937 and 1956 (15).

Experimen£s with other types of shear connectors, such as
hooks, rolled shapes, and rectangular bars were also carried
éut at about the same time, mainly in Europe. On the other
hand American investigators favored the use of flexible connec-
tors such as channels and studs. Prior to the introduction of
stud connectors, channels were very popular. Two extensive
investigations of channel shear connectors were carried out at

the University of Illinois by Siess, Viest, & Newmark and by

et A i S A S e o



Viest, Siess, Appleton, & Newmark covering the period from

1942 to 1950. Experiments with stud shear connectors began

in 1954 at the University of Illinois and at Lehigh University.
Because of the ease of fabrication, stud connectors are currently
the most popular. More recent investigatiéns of stud connectors
were conducted by Thurlimann, King, Slutter, & Driscoll, Toprac,
and Slutter and Fisher. These papers were published in Highways
Research Record (11, 31, 32, 34). These studies included the
tests of small scale and full size specimens for both composite
beams and push-out tests. These studies dealt with the general
behavior of composite structures and mainly with the fatigue

behavior of stud connectors.
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Behavior of Shear Connectors

The functions of the sﬂear connectors are to transfer
horizontal shear between the slab and the beam and to prevent
vertical uplift of the slab from the beam. These two functions
are more clearly - defined in some connectors such as the bar
and hoop connector (Fig.l-1), than in others such as the stud,
where the same element performs'both functions. The root of
the stud transmits the horizontal shear while the head holds j
the slab down. Failure of the shear connection can occur by
the shear connector shearing or by the crushing of the concrete,

or both.

It is evident that the properties of shear connectors can
best be determined experimentally. The most satisfactory means
of assessing the performance of '‘a shear connector is to test
a beam provided with the shear connectors under normal loadiné

conditions. Such a procedure would be very costly as there

are many variables to be considered; such as slab size and span
length. A more, economical method is to simulate the behavior ;
of a shear connector in push-out test (Fig.1-2). This method

has been widely used for evaluating the shear strength and

load-slip characteristics of shear connectors. The advantage

is that the loads to which the shear connectors are subjected,

can be more easily evaluated.

The size of the slab will affect the behavior of the

connector. High local stresses in the concrete in the immediate
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vicinity of the shear connector will cause premature failure

of the concrete if thé slab is too small. The crushing failure

of concrete with bearing pressures as high as three times the
cylinder strength of concrete were reported by Ros, Graf and

at the State University of Iowa (15). This high state of pressure
exerted by the connectors on the concrete was possible because

of a triaxial state of stress.

Before failure, elastic deformation and slip will occur
between the connector and the concrete. The capacity of the
connector is evaluated on the basis of a load-slip curve, with
the useful capacity arbitrarily defined as the load corresponding
to a residual slip of 0.003 inch (13). A typical load slip

curve is shown in Fig.l-3.

Analytical expressions for .the useful capacity or critical
loads for different types of shear connectors are given in
Ref. 6, 9, & 10. The critical loads are given in terms of the

concrete strength and the geometry of the connectors.

For a channel connector, the critical load is given by:

Quc.= 180 ( h + 0.5t ) W 7 ceeee (1.1)
wﬁere h = maximum thickness of channel flange
t = thickness of web of channel
W = length of channel measured in a transverse

direction on the flange of the beam

The capacity of a stud connector may be caculated by the

expressions:
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For studs having hs / d > 4.2,
— 2 1
Quc.,_ 330 d© V£ C TttTerrtretcttetiiiieaaaaa. (1.2)
For studs having hs / d < 4.2,
- . :
Quc. = 80 hs ds /f C trerees Cereenan Cereae (1.3) :

And the capacity of one pitch of a spiral is given by: §

Que, = 3840 d “/E' ...l . (1.4)

In a more recent investigation, Slutter and Driscoll deve-
loped analytical expressions for the ultimate strength of shear
connectors from push-out tests (14). The equations are similar

to those for the useful capacity of shear connectors. |
The ultimate strength of stud connector is given by:
u.

Q. = 930 a2 vf'_ e R ceer. (1.5)

The formula for the ultimate strength of one turn of a spiral

is given as:

Qu. = 550 ( h + 0.5t ) WJf'C .......... ceeees (1.7)

The values of the allowable shear load of stud and channel
connectors given in the AISC specification (62) may be obtained

by dividing the ultimate capacity by a load factor of 2.5.°
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Although the push-out test is a useful Qay of evaluating
and comparing the performanqe of different types of shear
connectors, it cannot be expected to exhibit all the charac-
teristic of a beam test. It should be noted that a number of
difference exist between the conditions obtéined in a push-out

test and a beam test.

(1) The slab in a push-out test is not in overall compression
as in the beam slab.

(2) The stress distribution over the slab depth is
different from that in a beam.

(3) The uplift observed in a beam test is restricted in

a push-out test.

In a recent investigation to determine the fatigue behavior
of stud and channel connectors by means of push-out tests,
Slutter and Fisher (34) found that the lower range of failure-
of an earlier beam tests (31) is about equal to the mean
failure behavior of the push-out specimens. They concluded
that the push-out tests therefore represent a lower bound for

connector failure.




14

Behavior of Composite Beams

The concrete slab acts as a cover plate in the composite
beam. This is made possible by the use of shear connectors
which ensured that the steel beam and concrete act as a unit.
If sufficient shegr connectors are provided, the full plastic ]

moment may be reached without the failure of the connectors.

When the moment on the positive composite section is

increased beyond the working load, the bottom flange of the
steel beam yields first and the neutral axis moves upwards !
causing tensile cracks at the underside. Cracking or spalling

of the concrete at the compression face occurs when the strain

reaches about 0.38 per cent. The ultimate strength of the

section is then almost reached. As the curvature of the section
increases, crushing of the slab extends downwards, while strain
hardening begins in the bottom flange of the beam - the load
being carried remains approximately constant. As the curvature
is increased still further, the carrying capacity of the
composite section is eventually reduced by extensive crushing

of the concrete.

This general pattern of behavior is exhibited by beams
subjected to positive bending and for the case where the neutral
axis is near the top steel flange or in the slab. 1In céses where
the number of connectors are limited to such an extent, the
failure of the connectors occur before the maximum moment is

developed. The ultimate moment capacity may also not develop



if the plastic neutral axis is close to the bottom beam flange,
as crushing at the surface of the concrete occurs before full

plasticity can develop in the steel section.

When a composite beam is under load, slip between the slab
and the beam will occur. This indicates the presence of

incomplete interaction, which is due partly to deformation of

the shear connectors and partly to the deformation of the concrete

around the shear connectors.

Observations on composite beam tests (11) , showed that
for small loads and even for full live load, no significant slip
occured. This is possible, because the shear at the interface
is resisted by bond. The bond resistance develops only if
sufficient connectors are provided to hold the beam and slab in
close contact. 1In this respect, it is difficult to distinguish
between pure adhesive bond resistance, and the resistance which
results from the mechanical keying action of the normal roughness

of the beam surface.

The first decrease in interaction takes place as a result
of bond failure. It has been found that a composite beam loses
interaction in a direct proportion to the loss of effective
area of shear connectors (31). Bond failure usually starts at
the end of a beam or at the point of inflection and progresses
towards midspan. End shear connectors are therefore the first
to undergo an increase in stress and consequently the first

to fail.



Investigation of composite beams with incomplete inter-
action was conducted by Newmark, Siess & Viest (2) . They
showed that for properly designed beams with adeguate shear
connection, the slips between the beam and concrete were so
small, that for all practical purposes, a design based on full
composite action will give satisfactory results. The results
of this tests are shown in Figs.l-4 and 1-5, which show the

load vs deflection and load vs strain curves.

They also presented a theory to take into account the
effect of imperfect interaction. The theory was based on the
assumption of continuous imperfect connection between the two
connecting elements and linear strains in the slab and the
beam. The test results are generally in good agreement with

the results computed from the theory.
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Ultimate Strength and Shear Connectors Requirement

Slutter and Driscoll (26), in their investigation of the
ultimate strength of composite concrete and steel beams reported
that there was a definite relationship between the ultimate
strength of the shear connectors and the ultimate flexural

capacity of the beam.

They also showed that if the sum of the ultimate strength
of all the shear connectors was adequate to satisfy the internal
forces at ultimate load condition, then the theoretical ultimate

moment could be attained Fig. (1-6).

A criterion for determining the minimum number of shear
connectors required was established, based on the fulfilment
of the equilibrium condition at ultimate load. Using this
assumption, the ultimate flexural capacity of a beam can be
determined for the case where the number of connectors provided
were less than that required to develop the theoretical

ultimate bending moment.

The study élso showed that connectors need not be spaced
according to the intensity of static shear to develop the ulti-
méte strength. Due to. the redistribution of load on the con-~
nectors, uniform spacing of connectors was satisfactory for
most loading conditions if an adequate number of connectors was
provided. Neither the ultimate strength nor deflections were
appreciably influenced by the uniform spacing of shear

connectors.
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Chapman and Balakrishnan (22, 23) reported that the moment
calculated from experimental stress distribution exceeded the
theoretical plastic moment by as much as 23 to 25 per cent.

This phenomenon was due to strain hardening in the steel beam.

It had also been shown by experiments conducted by Mains
and at the University of Illinois (15) that shoring had little
or no effect on the ultimate capacity of the composite beam.
However in the working load range, the supported beam had about

15% greater capacity than the unsupported beam.
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Elastic and Ultimate Strength Theory

The composite section is proportioned by the theory of
transformed section - usually the concrete is transformed into
an equivalent steel area. In addition the concrete is assumed

incapable of resisting tensile stresses.

This theory assumes a straight-line stress distribution

and complete interaction between the concrete and steel.

All experimental studies have shown that the transformed
section theory is applicable, and also gives excellent appro-
ximation even if there is incomplete interaction which will be

the case in practice.

For these reasons, the transformed section theory has been
generally accepted for design purposes. This theory is also
given in most standard structurél design textbooks (52, 25, 17;
17) . |

The ultimate strength for composite concrete and steel
beams may be classified into two categories: the first is based
solely on the statical equilibrium of internal forces and the
second takes into account the distribution of strains in

addition to equilibrium of internal forces.

The second theory can theoretically account for the effect
of strain hardening which can contribute as much as 25% to the
carrying capacity of the beam, but it has not become popular

as it is difficult to apply.
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The first theory is based on the assumption that at the
maximum flexural capacity, gach element of the section has
reached the plastic state of stress. This method has the
advantage of simplicity and represents the lower limit of the
bending capacity. Experiments conducted by‘Slutter and
Driscoll (26) showed that the theoretical ultimate moment
based on this theory can be reached as long as sufficient shear
connectors are provided. Most éf the recent revisions in the
AISC codes governing composite construction were based on the

results of these experiments (26).
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Continuous Composite Beams

In connection with reséarch into the behavior of continuous
composite bridges, Viest, Fountain and Siess (10) discussed
the results of a static test on two model continuous composite
bridges: one with. shear connectors throughout the length of the
beam and one with shear connectors only in the positive moment

section.

From these studies, it was concluded that, (i) in the
negative moment regions only the slab reinforcement can act
compositely with the steel beam; (ii) with shear connectors
throughout the length of the beam, the slab reinforcement was

fully effective; while with shear connectors in the positive

moment regions, the slab reinforcement was only partly effective,

and (iii) the behavior of both types of beam was about the same

from comparison of strain distribution.

Based on the above considerations, it was concluded that
the use of an elastic analysis is justified, and no special
provisions are needed for the design of continuous composite

beams.

In a report on 'Composite Design for Buildings', Culver,

Zarzeczny and Driscoll (19) tested a continuous composite beam
to establish the feasibility of applying plastic design to a
continuous composité beam. The results of the test indicated
that plastic design of composite beams was feasible. They

recomniended that only the steel beam be considered as effective
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over the negative moment region, and expansion joints provided

at this section to eliminate cracking of the slab.

In a later study, Slutter and Driscoll (26) also inves-
tigated the feasibility of applying the concept of plastic
analysis together with ultimate strength theory to the design
of continuous coméosite members. A two span continucus
composite beam was tested statically to its ultimate load. The

ultimate moment of the positive moment region was taken as

that of the composite section, while the ultimate moment of

the negative moment region was taken as that of the steel beam
plus the slab reinforcement. It was noted that the theoretical
plastic collapse load was exceeded in the test, even though the
beam theoretically had inadequate shear connection throughout |
its length. Cracks were also observed to form in the negative

moment region, and expansion joints or additional slab rein-

forcement was suggested as means to control the cracking.

They concluded that although the feasibility of plastic
design of continuous composite members cannot be fully evaluated
from the test éf only one member, it appears that members in
which the negative plastic hinge forms first could be designed
by plastic analysis. It was also pointed out that plastic
analysis of a member where the positive plastic hinge formed
first, is also feasible, because the positive hinge undoubtedly
has sufficient rotation capacity to permit formation of a

negative hinge.
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In a further investigation of the feasibility of applying
the concept of plastic analysis and ultimate strength theory
to the design of continuous composite beams Daniels and Fisher
(40) tested four continuous composite beamsf Each beam consisted
of two equal spans of 25 feet. On the basis of these tests,
they concluded that plastic analysis and ultimate strength
can be used for the design of continuous composite beams. The
longitudinal slab reinforcement can also be used in the design.
However they recommended that further studies are required to
establish the rotation capacity of the negative plastic hinges,
because local flange and web buckling near the interior supports
of continuous composite beams limit the ultimate load capacity

of the beamn.

Iwo recent investigations into this aspect were carried
out by Johnson, Greenwood, and Dalen (55) on one hand and by
Daniels, Kroll, and Fisher (59) on the other. 1In the latter,
the conclusion reached was that there is sufficient rotation
capacity of the composite beam in the vicinity of the joint

to permit the use of plastic design theory in the analysis.
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Application to Building Frames

It has been shown that.the composite concrete and steel
beam is a very strong structure with a large reserve strength
and ductility beyond the load causing first yielding. In
addition a smaller steel section can normally be used for

composite construction.

The use of stud shear connectors also facilitate the
fabrication of composite beams, and with the economy that is
possible in this type of construction, the use of composite
construction in buildings has become very popular and wide

spread.

Numerous buildings have been built with this type of
construction, but only the more notable ones were reported

(13, 16, 20, 21, 29).

Hooper and Hotchkiss (13) reported that composite design
saved 20% to 25% in steel tonnage, for a Federal court house
and office building in Brooklyn, N.Y. The seven story court
house and four story office building - sixteen million dollar
p;oject, was the largest building of composite construction,
ever built up to 1960. A number of framing schemes were
investigated. It was found that reinforced concrete was com-
petitive on a cost basis, but composite concrete and steel was
chosen because of a'lighter total overall weight which required
smaller columns and smaller footings. All the beams were

treated as simply-support.



Three buildings of composite design were reported in
Architectural Forum (16). The first was a two-story manu-
facturing plant with a floor space of around 600,000 sq.ft;
the second one was a million dollar addition to Princeton
University and the third was Detroit's Cobo Hall with an
exhibition floor.space of 400,000 sq.ft. For the first one,

a steel saving of 25% was reported; for the second, there was

a steel work cost saving of 20% (230 tons of steel was required
compared to 350 tons for a conventional design); and for the
third a 25% saving in girder beam weight was reported. It was
also pointed out that a steel saving of less than 15% will

usually not justify composite design strictly on a cost basis.

This is not nhecessary true in every case, Mayes (20)
reported that for a 47,000 sqg.ft. office building of composite
design, there is an average saving of 13.8% in materials and a

12.6% on cost.

Leebrook (49) in a comparison between a conventional and a
composite design, showed that there was as much as 43% savings
in steel weight for the floor framing and an estimated cost

reduction of 30% for floor framing.

Creasy (24) in a discussion on the relative cost of
composite construction also made an analysis of a building
frame. The analysis indicated a reduction of approximately 15%
in the weight of the steel skebeton, and approximately 20% in
the overall cost of the composite frame as compared with a

conventional design.
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As can be seen, a wide variation in the savings in steel
weight and cost reduction in composite construction is possible.

It ranges from a low of 12% to as high as 43%.

Plastic composite design had also been épplied to buildings
with success in a limited way. Most of these were built in
England. Johnson, Finlinson, and Heyman (58) in the design
of a five story building frame found that élastic composite
design gave substantial reduction in cost when compared with

the established elastic composite design method.
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New Concepts in Composite Construction

A number of new concepts in composite construction have
been reported in Ref.46. Prestressed planks, precast concrete
slabs, and‘steel decking were used. Of theée, the use of steel
decking appeared to be the most attractive. It combines the
advantage of rapid erection and also acts as a permenant
formwork. Research into this type of construction by McDermott
(39) and Robinson (54) indicated that it is feasible to design
such composite floor by the conventional elastic method. The
CSA standard (56) also recognises the use of this type of
construction by including a section on such a system in its

specification.

The most recent innovation in composite construction
could well be the introduction of €Xpoxy resin compound as a
shear connector for composite beams. The extensive use of
bonding plastic by the aircraft industry in bonding metal cores
to metallic skins for ferming sandwich panels, suggested that
applications of: expoxy compound as a shear connector are
warranted. Research by Kriegh, Nordby and Endebrock (35)
confirmed that expoxy compound can serve as a reliable and safe
shear connector for composite T-beams. The test results also
indicated that successful behavior of expoxy joined T-beams

can be expected under either static or dynamic loading.

A8 P AT A R et s e e
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NOTATION

Distance from the top of concrete slab to N.A. of
composite section, when N.A. is in slab.

Area of bottom flange of plate girder
Area of rolled steel beam

Transformed effective area of -concrete slab (bt/n)

Area of steel cover plate

Area of longitudinal slab reinforcement
Total area of steel section
Area of top flange of plate girder

Area of web of plate girder

Effective width of concrete slab
Compressive force of concrete slab

(
Centre of gravity {
M1, / WL2 |

|
MR / WL? ,
Depth of steel section or diameter of stud connector i
Depth of web
Moment arms, Egs. (3.15e) and (3.164)

Distance from top of steel section to C.g. of
concrete slab.,

Distance from top of steel section to C.g. of longi-
tudinal slab reinforcement

Modulus of elasticity of concrete
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Modulus of elasticity of steel
Stress at bottoﬁ of steel section
Stress at top of concrete slab
Allowable steel stress

Stress at top of steel section
Yield strength of steel
Compressive strength of concrete

Factor of safety

Distance of top layer of bars from c.g. of slab
reinforcement

Column height or maximum thickness of channel
flange

Stud connector height

Horizontal shear force

Moment of inertia
Moment of inertia of rolled steel section

Moment of inertia of composite section

Moment of inertia of slab reinforcement about own
cenfroidal axis

Moment of inertia of steel section

Moment of inertia of web of plate girder

Numerical factor depending on type of loading
K = 1 for transient loads
K = 3 for sustained loads

Ac / B+ As )
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Ap / (B + By )
Ap / AS

Span length

Live load on composite section

Moment

Moment due to D.L. on composite section

D.L. moment acting on steel section alone

Restraining moment at left support

Live load moment
Restraining moment at right support

Ultimate moment

Modular ratio ( Eg / Eo )
Number of shear connectors
Neutral axis

Capacity of one shear connector

Ultimate strength of one shear connector

Statical moment of transformed concrete section
about N.A. of composite section

Ultimate capacity of shear connector

Useful capacity of shear connector

Spacing of connectors along beam

Section modulus of bottom steel fiber, composite
section .
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Section modulus of bottom steel fiber, steel
section

Section modulus of top concrete fiber, composite
section

Section modulus of top steel fiber, composite
section

Section modulus of top steel fiber, steel section
Relative stiffness 6f column éﬁd beam ( S, / Sy )
Stiffness of beam ( Iy / Ly )

Stiffness of column ( I, / L. )

Slab thickness

Thickness of bottom flange

Thickness of cover plate

Thickness of top flange

Tensile force in steel section

Shear per unit length

Vertical shear acting on composite section

Total horizontal shear to be resisted by connectors

Uniform loading
or length of channel measured in a transverse
direction on the flange of the beam

Distance from N.A. to bottom steel fiber, steel
section

Distance from N.A. of composite section to top of
concrete fiber

Distance from N.A. to top of steel fiber, steel
section
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Shift in N.A. due to addition of cover plate

Plastic section modulus

Distance from N.A. of composite section to top
of steel beam at ultimate load

Deflection at distance x from left support

Load reduction factor ( = 0.85 )
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CHAPTER 2

THEORY FOR COMPOSITE MEMBERS

2.1 Assumptions

For design purposes, a composite-floor is assumed to be a
series of T-beams, each made up of one steel beam and a part
cf the concrete slab. The properties of the composite section
are usually calculated by the theory of transformed section.

It is usually more convenient to transform the effective cross-
sectional area of the concrete slab into an equivalent steel
area. This is done by dividing the effective concrete area

by an appropriate modular ratio n, where

Values of n from the AISC codes'and CSA standard are used when
available or it can be computed from Eqg.(2.1), if the modulii
of elasticity for different concrete strength are available.
Values of n for different values of fi1o can also be obtain in

the AASHO specifications (Sec.l1.9.1).

The width of concrete slab that is assumed effective as |
the flange of the T-beam, is governed by specifications given
in the AISC and the CSA codes for composite construction

(56, 62).

For slabs extending on both sides of a beam, the effective

width of the concrete flange must not exceed:
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(1) one-fourth of the beam span;
(2) The flange width of the steel beam plus sixteen

times the slab thickness;

(3) The distance from the centre of the steel beam to

the centres of adjacent steel beams.

For slabs extending on only one side of a beam, the

effective concrete flange width shall not exceed:

(1) one-twelfth of the beam span;
(2) six times the slab thickness;

(3) one-half the clear distance to an adjacent steel beam.
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2.2 Loading Conditions A

Normally in building designs, the following types of
loading are considered: Dead loads, Live loads, Wind loads

and Deformational loads such as creep and shrinkage.

The dead loads in building frames will include the beams,
columns, the floor or concrete slab, the walls, partitions

and ceiling plasters.

The live loads in building design are usually considered
as uniformly distributed over the floor area. They may be
placed in an arbitrary position to give a critical condition:
e.g. loading two adjacent spans to give a maximum negative
moment or loading alternate spans to give a maximum positive

moment.

For structures subjected to vibrations or impact, such as
the effects of machinery or moving loads, the usual way to
account for such dynamic effects is to increase the live load

by a certain factor as in highway bridge design (57).
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2.3 Deformational Stresses

Concrete is a variable material, and may shrink or expand
depending on itsAcomposition and atmospheric condition.
Concrete when loaded continues to deform with time - a phenomena
called creep. In a composite beam, deformafion in the slab
induces deformation in the beam which in turn canses defor-

mational stresses in both the beam and the slab.

In the positive moment regions of the composite beams,
the slab is subjected to permanent compressive stresses due to
the dead load and live load of long duration. The resulting
creep increases the compressive stresses in the top flange of
the steel beam and the tensile stresses in the bottom flange,
and decreases the compressive stresses in the slab. 1In some
structures, such as warehouses, where the live loads are kept
on the structures for a long time, a similar type of behavior'
can be expected. Theoretically, the magnitude of the creep
stresses in any beam may be computed if the creep characteristics
of the concrete are known. This analysis is complicated and, in
view of the variability of the creep characteristics of concrete,
of questionable design value. A simpler procedure to account
for the effects of creep is to increase the value of the modular
ratio n in the computétion of the section properties of the
composite beams (1). A factor of K = 3 is recommended in the
AASHO specifications (57). The effect of increasing n is to
reduce the section properties of the composite section, so that

the steel section has to carry the redistributed stress.
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After casting, during the first few months, .the concrete
slab tends to shrink. Shrinkage has a similar effect on the
stress conditions in a composite beam as creep: it sets up
tensile stresses in the slab and the bottom flange of the
steel beam, and compressive stresses in the top flange. If
the tensile stresses in the slab exceed the tensile strength of
the concrete, cracks may form. 1In simple beams and in the
positive moment regions of continuous beams, the dead and live
load stresses counteract the shrinkage stresses to close the
cracks and thus restore the effectiveness of the slab in
resisting compressive stresses. In the negative moment regions
of continuous composite beams, the loads tend to cause further
opening of cracks, so that in these regions, shrinkage cracking
makes the slab ineffective in resisting stresses. Accordingly,
the effect of shrinkage on the . slab stresses may ordinarily be
neglected in the design. In practice however, consideration
must be given to control slab cracking. Effective or not, a
minimum amount of slab reinforcement is prescribed by sections
807 and 911 of the ACI 318-63, to control shrinkage and tem-

perature cracks.

An approximate calculation of the steel stress caused by
shrinkage can be made by assuming a shrinkage coefficient of
0.0002 in./in. for a reinforced concrete slab (10). The
calculation of stresses may be made by assuming the shrinkage
force to be an eccentric compressive force of 0.0002 Ecbt

applied at the centroid of the slab. 1In the case of the AASHO
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specifications, a twenty-five per cent overstress. is permitted,

when shrinkage stresses are .considered.

Measurements of shrinkage stresses in an actual building
structure (36) showed that they varied widely within the building,
and this suggests. that the use of complex design procedures
based upon idealized shrinkage equations could well be unjusti-

fied in many cases.
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2.4 Continuous Beams

Continuous spans are more advantageous than simple spans
when foundation conditions and desired span lengths are

favorable for this type of construction.

The main advantages to be gained from using continuous

construction are:

(1) A stronger and a more rigid structure

(2) Longer span lengths are possible

(3) Less materials are required - consequently a more
economic structure

(4) Shallower members can be used

These advantages are further enhanced when continuous composite
construction is used. In addition, composite construction
increases the stiffness and thé ultimate carrying capacities.‘
of the structure. The increase in stiffness will lead to‘a
decrease in live-load deflections and vibrations, while the
increase in the ultimate capacity results in a higher factor

of safety.

In computing the forces in a continuous composite beam,
the stiffness in the positive moment regions will be taken as
that of the composite section made up of the steel beam and
the concrete slab; the stiffness in the negative moment regions

as that of the steel beam alone or that of the steel beam plus

the slab longitudinal reinforcement. The concrete is considered
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ineffective in resisting tension, and therefore is not con-
sidered in the negative moment section. In the negative moment
regions, only the slab reinforcement can act compositely with
the steel beam. For the slab reinforcement to be fully ef-
fective in the negative moment regions of a.composite beam,
shear connectors must be placed throughout the length of the
beam. With shear connectors omitted from_the negative moment
regions, the slab reinforcement is only partly effective.
Therefore in calculating the forces in a beam in such a case,
only the steel section is considered effective in carrying

the total negative moments.

The use of reinforceing steel in the slab may not increase
the section sufficiently to resist the negative moment stresses
in the bottom flange. It should be noted that the longitudinal
steel does not share in resisting non-composite dead loads.

The most efficient method of providing for the negative
moment is to increase the main steel beam section. This can
be done by the addition of equal cover plates to the top and
bottom flanges. The necessary area of each cover plate for a
rolled beam can be calculated from the following formula:

( M/fs y (4 + 2tp )

p = (d+tp)2 - 2I_ i, ceee. (2.2)
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The flange areas for a symmetrical built~-up girder can be

evaluated by the formula:

If the design is based on the assumption that the negative
moments are carried solely by ﬁhe steel section, a symmetrical
steel section is desired. Even though the concrete slab is
not considered to resist the negative moment stresses, the
minimum amount of reinforcement must still be placed in the
slab to control cracking as prescribed by section 911 of the

ACI Building Code.
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2.5 Influence of Construction Methods

The method of construction will alter the Stresses in
the steel section and the concrete slab, depending on whether
it is shored or unshored construction. These differences must §

be included in the design.

Temporary supports or shores are used commonly in

composite construction for fuildings. Usually the steel beams

carry their own weight, while the shores support the dead

weight of the slab, so that the structure is partially shored.

To make the construction fully shored, it would be neces-
sary to induce with temporary supports an upward deflection of
the steel beams prior to casting the concrete slab, so as to
eliminate dead load stresses caused by the beam weight. This
is a delicate and complicated operation, which usually has
little or no effect on the stress conditions and design of
the beams. Use of full shoring is, therefore, not recommanded

for building construction.

For partially shored construction, the shores usually
are left in place until the concrete reaches 75 per cent of
the 28-day compressive strength. Upon removal of the shores,
the decad load together with the live load will be supported
by the composite section. The section properties of the steel
beam alone do not enter into the calculation of stresses -
the only stress in the steel section acting alone will be that

due to its own weight, which is negligible.
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If, on the other hand, shoring is not used to support the

dead load of the concrete slab, the dead load is then carried

by the steel members alone. Stresses due to dead load are

calculated based on the section properties of the steel member

alone. The composite section will be effective only

superimposed live loads.

for the

From the point of view of the strengﬁh of the member in

the elastic range, the second method, unshored construction

is the least economical way of constructing a composite member.

The first method partially shored construction usually adopted

in use is better. An alternate method of construction is to

bend the steel section upwards by jacks so it is prestressed,

thus providing the most economical use of materials.

However

in practice, this may not be too feasible especially for a

rigid frame building, but in a simple-support structure it can

be considered.

Necessary provisions should be taken in the design and

construction to prevent excessive dishing of the slab in beams

built with shores and excessive thickening of the slab in

beams built without shores. The determining factor
whether or not to use shores is often the nagnitude

dead load deflection.

The AISC specification considers all dead load
load as applied to the composite section regardless

method of construction. The method of construction

in deciding

of the

and live
of the

does not

i A A g ATk
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alter the ultimate strength of the member, but does affect

the actual steel stresses appreciably. For beams built without
temporary supports, the actual stresses may be substantially

in excess of the computed value, because the dead load is in

reality resisted by the steel section alone. However, a

maximum limit for bottom flange steel stress is fixed by AISC
formula 17 (Sec.1.11.2) at approximately 0.82 Fy or the section
modulus of the composite section used in computation should

not exceed the value:

M

L
S = (1.35 + 0.35 ﬁ_ ) S

bc B bs

The section normally used in composite construction for

building is a rolled section or a rolled section with cover

plate on the bottom flange in the portion where composite

action is effective. When the negative moment is assigned to
the steel section alone, symmetrical cover plates can be used
to strengthen the section. Typical sections that can be used

are shown in Fig. (2-1).
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CHAPTER 3

- DESIGN OF COMPOSITE BEAMS

3.1 Formulas for DL and I1I. Stresses

Bending stresses at working loads are based on the elastic
properties of the cross-sections. The calculation of actual
stresses for unshored construction requires the definition

of several sets of section properties.

The section properties are usually computed by the moment-
of-inertia method and the theory of transformed area. The
concrete is transformed into an equivalent stecel area, so the
concrete slab can be treated in the same manner as a steel

cover plate.

The calculation of actual stresses is also complicated
by the fact that dead load stresses do not remain constant
with time because of the effect of creep and shrinkage of the
concrete. With time, the effectiveness of the concrete slab
decreases and ‘the steel stresses due to dead load increase as
a result. For this reason, stresses caused by dead load on
the composite section are usually determined with section
properties calculated using a value of modular ratio n equal

to 3 times the elastic value of n.

If the steel section consists of a rolled beam with a

steel cover plate on the bottom flange Fig.(3-1) the section




47
properties can be calculated from the following formulas:
Ks = Ap / As R T T (3.1a)
Ys = 0.5 (4 + tp ) Ks C ettt Ceeterteeeaann (3.1b)
;[s=0.5(d+{cp)¥sAB+IB ............ .. (3.1c)
Ig
S — — ® 9% 0 % 00 e a0 ® 8 9 ° o ° 00 s e
£ o.5d + - ¥ - (310
S, = Is
s 5 5d 1 Y; ........... Ceeersaraceen ceees. (3.1e)
If the steel section is an unsymmetrical welded plate
girder Fig. (3-2), the following formulas are used:
s = cess (3.2a)
As :
_ 2
Ig = 1/4 (dy + )" A + 1/4 (a4, + t)2 Ay
i o )2
+ I, - AS(YS) ceeeenn Ceeercsatecoana evee (3.2b)
S Is
s: ottt * 6 6 60 0 e e e 0t seue v e (3.2C)
%dw + tb Ys
S IS
ts= Srees © % 0 ¢ v e e s s e ® 6 000 0000 aa . (3.2d)
%dw + t, + Ys
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For composite sections, the neutral axis may be located
either below the slab in the steel section or in the slab

itself.

If the neutral axis for a composite section is located
below the slab Fig.(3-3), the full cross section of the slab
is effective in resisting the stresses. The section properties

can be computed from the following formulas:

Ko =Ag/ (Bo+ B ) ueunnn. e, (3.3a)
Yo = (Yyg teg ) Ky evniinieninnnnnnnnnns .. (3.3b)
Ic = (Yyg + el) Yo A  + I, + A, t2/12 ...... . (3.3¢)

Sey = Ic/ (Yo + ¥ ) ceininiiiiaa... Ceraan (3.3d)

Sec = I/ (Y = Y2 ) conin... Cerrerann sees (3.3e)

See = Ig / (Yo = Yo+ e+ %) vurnn.... o (3.39)

If the neutral axis is located in the slab Fig. (3-4) only
the portion of the slab located above the neutral axis is
considered effective in resisting stresses. However, equations
(3.3) give sufficiently accurate results even if the neutral
axis is located in the slab as long as the following condition

is satisfied:

a/t >

Wi
3’[ ol
w |
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Otherwise, section properties can be computed from the

following formulas:

Yc = Yts + ec + 0.5 t ~ ch ...... ceesecnanas (3.4a)
3 PR
CcC -
I =A. A Y 2 4T e eee. (3.4D)
c c 3 s "¢ s
t

Str = Ic / ( Yc + Ybs ) B ceeenas csersesese. (3.40C)
Stc = Ic / ( Yc - Yts ) R ceeans et e e e eneas (3.4d)
Scc = IC / ch ..... e ve e ce e e cecersacne e (3.4e)

If steel reinforcement is provided in the slab in the

negative moment section Fig. (3-5), the following formulas apply:

K= AL/ (A + B ) iuiieiinanen.n.., L (3.52)
Vo= (Y # e ) K. ceveranns... e, .. (3.5b)
Io= (Yyg+e ) YA, + I + T .coeonn... (3.50)
S,o = I,/ ( Yoo - To+e +g) . (3.5d)

To facilitate the calculation of stresses for both shored
and unshored constructions, a summary of the section properties
is given below together with the formulas for both steel and
concrete stresses. My, M;, and My~ are respectively moment due

to dead load on steel member, moment due to live load and’
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moment due to dead load on the composite member. . The stresses
fc, ft' and fb are the stresses at the top of the concrete
slab, the top of the steel member, and bottom of the steel

member, respectively.

Typical stress patterns for unshored construction, shored
construction and prestressed steel section construction are

shown in Figures 3-6, 3~7 and 3-8 respectively.
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" 'STRESCES IN CONCRETE AND STEEL

" SHORED = CONSTRUCTION

No Cover Plate " With Cover Plate

Mg/ (n's') + Mp/(nS.) Mdc/ln'S'cp) + ML/(nScp)

M3o/S'y + My /S, Mae/S'tp * ML/Stp

Mdc/slb + ML/Sb Mdc/s'bp * ML/pr
UNSHORED CONSTRUCTION

No Cover Plate With Cover Plate

Myo/ (n'S'.) + Mp / (nS.) Mdc/(n's'cp) + ML/(nSCp)

/S, +:ML/St + Mg /ST, My/Sgp + ML/Seo Mg /ST

] t
MD/SS * ML/Sb * Mdc/S b MD/Ssb * ML/pr * Mdc/s bp
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3.2 Shear Connectors

To insure that the concrete and steel act as a single
unit in composite construction, shear connectors must be
provided at the junction between the steel flange and the
concrete slab. These shear connectors must Ee capable of
(i) transfering hofizontal shear, (ii) resisting relative
moments between the slab and the beams and. (iii) resisting g
|
|

both horizontal and vertical movements.

Natural bond action between the concrete slab and the
steel beam may provide some degree of composite action.
However, this bond may be destroyed during the life of the
structure, either by shrinkage of the concrete slab or by live

load vibrations, and therefore cannot be depended upon for the

transfer of shear. It will be assumed in design that all
shears caused by forces acting on the composite structure are.'

transmitted by the shear connectors.

Forces to be considered in shear connectors design are:
dead loads and:live loads applied after the concrete has attained
75 per cent of its 28-day strength, creep and shrinkage of

concrete.

Dead load may be carried either by the steel beams alone
or by the composite section. Shear connectors should be
designed only for that portion of dead load carried by the

composite section.
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Since live load is applied only after the concrete has
reached its specified strength, shear connectors should be

designed for the full live loads plus impact if any.

Sustained loads can cause creep in the c¢oncrete. The
effect of creep is to relieve stresses in the concrete and
thus to decrease the forces transmitted by the shear connectors.
Therefore the effect of creep is disregardéd in the design of

shear connectors.

Shrinkage in concrete is also resisted by the shear
connectors. However in the positive moment region, the
shrinkage force acts in a direction opposite the maximum
horizontal shear force due to dead and live loads. Therefore,

the effects of shrinkage may also be ignored in the design.

Other effects such as expaﬁsion and differential tem-~
perature changes need be considered only in exceptionél cases.
Normally it is desirable and safe to design shear connectors
for horizontal forces caused by the full dead and live loads
acting on the beam regardless of whether it is shored or

unshored construction.
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Design of Shear Connectors

Regardless of what method is used to design the shear
connectors, it is imperative to unsure that shear connection
should not be the cause of beam failure. The failure of the
connectors will drastically reduce the carrying capacity of

the beam and this can lead to a catastrophic failure.

It follows, that a satisfactory basis for design is one
that provides sufficient shear connectors to resist the total
horizontal shear force at the failure of the beam. Recent
studies have shown that the ultimate flexural strength of
composite beams can be achieved if sufficient connectors are
provided to resist the maximum horizontal force in the slab or

the beam in their plastic state of stress (26).

At the ultimate moment of a composite beam, two stress
distributions are possible as shown in Fig.(3-9): for casé I
the plastic neutral axis is in the slab while for case II the
plastic neutral axis in the beam. For any compsite beam, the
maximum horixon%al force to be resisted in the positive moment
region between the points of inflection shall be taken as the

smaller value obtained from the two expression:
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In continuous composite beam, where slab reinforcement
is considered to act compositely with the steel beam in the
negative moment regions, sufficient shear connectors must be
provided in these regions between adjacent pqints of contra-
flexure to resist the horizontal force, Vh, equal to the yield

strength of the lohgitudinal reinforcement of the slab:

The minimum number of shear connectors required in the
positive or negative moment regions between the points of

contraflexure is given by,

For the positive moment regions Vi, from either Eq. (3.6) or-(3.§)
is used, while for the negative moment regions Lg. (3.8) applies.
q is the allowable horizontal shear load per connector. Values
of g for stud and channel connectors are given in Table 1.11.4

of the AISC specifications, and reproduced here as Table 3-1.

The AISC specifications also give a simpler procedure to
determine the number of shear connectors. This procedure makes
use of the effective concrete flange area Ac, the weighﬁ per foot
of the steel section, and the stud coefficient. This procedure

is outlined on page 2-142 of the AISC specification.
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Both the CSA standard and the AISC specifications permit
the number of shear connectors determined by %g.(3.9) or the
stud coefficient method, to be spaced uniformly along the beam.
Where concentrated load and uniform load occur together, the
number of shear connectors required between the concentrated |
load and the nearest point of zero moment shall not be less

than that determined by:

N; |
N2 T T T e e e IEEEEEE IR (3.10)

total number of connectors determined by Eqg.(3.9)

I

where Nl

=
i

moment at a concentrated load point

]

maximum positive moment |

Mmax

Bo=5y /5,

It is necessary to decide the limiting load of the
connector to ensure against failure. A theoretical minimum
shear connector requirement is one in which the connectors fail
when the beam reaches its fully plastic moment. This is a
100 per cent design, but before the fully plastic moment is
reached, extensive slip can occur, and the stress distribution
in the beam is considerably modified, so that the suggested
rectangular stress block to calculate the maximum horizontal

shear is no longer valid. It can be said with certainly that



58

if sufficient shear connectors are provided to ensure that the
fully plastic moment can be developed, then slip at working
load will not significantly modify the stress distribution.
The AISC allowable load for shear connectors provides a factor

of safety of 2.5 according to Slutter and Driscoll (26) .

Slutter and Fisher (34) proposed a more economical method
of designing shear connectors. They recommended using a load
reduction factor ¢ = 0.85 for the ultimate shear strength of
the shear connector. This would result in a lower factor of

safety; approximately half of that provided in the AISC speci-

fication. The number of shear connectors required is given by:

Vh

$ q

u
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3.3 Deflections

The deflection of a composite beam may be calculated by
the same analytical methods used in calculating deflections of
non-composite members. The methods of moment-areas, elastic
weights, congugate-beam method and the methoa of least work
give reasonably accurate results if proper values of the
modular ratio are used. A comprehensive account of the

different methods are given in Chapter 17 of Ref.48. i

Composite beams are usually non-prismatic so that exact
computations of deflections would have to account for the
changes in the moment of inertia. However this can be ignored
in initial deflection calculations. It is sufficiently accurate
in many cases to base the calculation on the moment of inertia
of the maximum positive moment section. The errors caused by
this approximation are usually small, and if the deflections
appear to be critical from these approximate calculations,
then the calculations may be refined by considering the non-

prismatic member.

Dead Load Deflections

A composite beam is usually subjected to both composite
and non-composite dead loads. Thus, in calculating dead load

deflections, it is necessary to consider two beam sections.

Dead load deflections for unshored members are calculated

with the properties of the steel beam alone. Deflections
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caused by composite dead loads or shored construction are

computed with the properties of the composite section. The

calculation for shored dead loads and long term live loads

should be calculated using a value of 3 times n the modular

ratio for the composite section properties, to allow for the

effect of creep in the concrete.

The deflection for uniform dead load can be computed at

any point on the beam Fig.(3-10) by the following formula:

Ax

WX aM aM
' X
,x3—(2L+———l—-—-)x2

24E_T WL WL
12Mx  8ML  4ML
+ + L2 - - ... (3.14)
W W W

uniform dead load (kip/in)
span length - in

modulus of elasticity - ksi

. moment of inertia of steel section or of

composite section - in*
distance along beam (in.)

restraining moment at left end (k-in.)

restraining moment at right end (k-in.)
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Live Load Deflections

Live loads are resisted by the composite section. For
short-term live loads, the composite section properties for
deflection calculations, should be calculated on the basis of

the elastic modular ratio.

The live load deflections for the building beam can also
be computed by equation (3.14), as live load is usually assumed

uniform in building design.

The AASHO specification limity the live load deflection
including the effect of impact to 1/800 of the span, while
the AISC specifications limit it to 1/360 of the span. The
AASHO specifications (Sec.1.6.10) also suggests two limiting
slenderness ratios for composite beams, as does the AISC

specifications. The aim is to prevent excessive vibrations.

The AISC specifications suggest that the overall depth of.
the composite section (concrete slab + steel beam) be at least
1/22 of the span for Fy = 36 ksi and 1/16 for Fy = 50 ksi.

The depth / span ratio of the steel section alone should not
be less than 1/20 for any grade of steel. The span length for
simple beam is the distance between the centre of the bearings,
and for that of continﬁous beam the distance between the dead

load points of contraflexure.
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3.4 Ultimate Strength of Composite Beams

The concept of ultimate strength design in reinforced
concrete can also be applied to a composite steel-concrete
member (26). The ultimate strength of a composite beam is

calculated from the fully plastic distribution of stresses.

Normally, a éomposite beam fails due to the crushing

of the conc¢rete slab. At this instant a fully plastic state

of stress is assumed for both concrete and steel. The assumed
stress distribution is shown in Fig.3-9. The plastic state

of stress is represented by stresses of 0.85f'c in concrete
and Fy in the steel. Case I applies when the neutral axis is
in the slab or when the concrete slab is adequate to resist
the total compressive force at ultimate load. Case II applies
when the neutral axis is below the slab or the concrete slab is

not large enough to resist the total compressive force.

Referring to Fig.3-9 the appropriate equations for

computing the ultimate moments are:

Case I C = 10.85f' b tiirerrinnnnnennnn. tececessas (3.15a)

CcC a
T = A F  teeiineeeennna. et e e teeseane ceecenee (3.15hb)

Sy
T (3.15¢)
_— ]

a = ASFy / ( 0.85f Cb ) c e e (3.154)

d
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Case II c = 0.85f'cbt ............................. (3.16a)
T = ASF - C' ... cesennasa teeeeecnacrnnen (3.16b)
T = C+ C' tiviiinnnnnnnns N (3.16c)
Mu = Cg' + Cl'e" ...... te e e e e aeneses (3.16d4)

The values.of e' and e" must be determined from the stress

distribution and geometry of the cross section.

For a composite beam, with the slab in tension in the
negative moment region the ultimate moment can be determined
by a similar consideration as the above two cases. When the
slab reinforcement is taken into account Fig. (3-11) the

following formulas apply:

Alg = 0.5 (A=A ) teerniiiiiiiinn.... .. (3.17a)

Zoo = to + A'St" O e, (3;l7b)
w

e = d - Ybs + €L ceeeraintn e ceaas it eeenna (3.17¢c)

e' = d-Y - 0.5t i, P (3.174)

e" = d-Y -2 +0.5 ( Zeo =t ) ae.. (3.17e)

= ' 1 - "
Z = Aree + 2Ate + 2 (A s A ) e" ..... (3.17f)

t
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The ultimate moment is computed from the plastic section

modulus Z thus:

At ultimate ioad, all dead and live loads are carried by
the composite section, irrespective of construction methods.
Further more, deformational stresses such as creep may be
assumed to have no effect on the ultimate strength of a composite

beam.
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CHAPTER 4

THEORETICAL INVESTIGATIONS OF THE EFFECTS OF

- COMPOSITE ACTION IN BUILDING FRAMES

4.1 Introduction

Generally the type of construction controls the economy
of a structure and the method of analysis.- For structural
steel frames two framing schemes are available. The first
type is usually refered to as simple framing. With this type
of framing, the end moments are eliminated but it also results
in the use of the largest possible beam or girder. However,
elimination of the end moments makes possible the use of the
simplest connections. There is also no problem as far as
analysis is concerned, as only the simple beam moment is

required.

The other type is rigid framing. As its name implies,
the connection must have sufficient rigidity to hold its original
direction virtually unchanged. The effect of rigid frame
construction is?to reduce the size of the steel beams or
girders, but the expense of fabricating connections capable of

fully rigid action may offset the savings in girder material.

For both simple and rigid framing, a more economical design
might be obtained by using composite action in the positive
moment regions of the beams by providing shear connectors

between concrete and the steel section.
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The purpose of this report is to investigate theoretically
the advantage of providing composite action for beams in a
rigid frame; the amount of steel that can be saved as compared

to a non-composite design.
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4.2 Theoretical Investigation

The typical frame chosen for the theoretical analysis

is a two story- two bay frame with fixed foundations Fig.(4 1).

The object is to compare a composite design to a non-
composite design by varying the span length L, the loading
conditions and the column height h. The span length L is varied
from 20 ft. to 50 ft. in increment of 10 ft. and the loading
conditions are varied by having the live load to dead load
ratio ( LL/DL ) equal to approximately 1, 2 and 3. The columns
are varied for only one loading condition ( LL/DL = 2 ) for
the various spans, while the others are kept constant at 12 ft.
The columns are varied from 12 ft. to 20 ft. for the bottom

ones and to 15 ft. for the top ones.

In formulating this problem all the factors used are
chosen within practical limits. A concrete slab of 5 inches
is used in every case. This is an arbirtary choice and is
adequate for most types of buildings. It also falls within
the range commonly used in building construction ( 4 to 7 inch ).
Based on the slab thickness of 5 inch and a bent spacing of
15 feet, the concrete dead load is about 937 lbs per ft., and
assuming the beam weight to be around 100 1lbs, the total dead
load ( W ) is assumed to be 1 kip per ft. Based on this load,
the total uniform load ( WT ) of 2 K/ft., 3 K/ft., and 4 Kip/ft.
correspond to the LL/DL ratio of 1, 2, and 3 respectively.

For wind loads a conservative value of 50 psf is used, compared
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to the 20-30 psf normally used in multi-story frames. This
results in a 4.5 kip and 9.0.kip load at joint 1 and 4 re-

spectively of Fig.4-1, for a column height of 12 feet.

It is pointed out that only the effect of composite
action on the beam is investigated, the columns remain the same
for both the non-composite and the composite design in every

case studied.




69

4.3 Analysis

Many methods are available to solve the moments in a frame.
Normally matrix methods of structural analysis are used, because
it provides the simplest approach available for preparing the

frame problem for solution by a computer.

The two methoas commonly used are the Force method and the
Displacement method. The Displacement method involves the
formation of the static matrix ( s )  the stiffness matrix
( ST ) , and the external load matrix ( P ). When these are
available, the following matrix operation can be performed by a
computer to obtain the force matrix ( F ), which represents

the moments and the displacement matrix ( X ):

1}

( X) [(S) (ST) (sT):l"l (P) eevinennn. (4.1)

i

(F) (ST)  (ST) (X) weruuunn. .. (4.2)

where (ST) is the transpose of (S).

However the problem frequently encountered in a composite
building is that the moment of inertia of the members is not
constant. This brings up the question of what stiffness should
be used for the composite member. If the member bends, so as
to have positive moment throughout its entire length or if
it is of simple framing, then the stiffness may be taken as
Ic/L. For rigid framing, the situation is not so simple;

negative bending occurs at both ends and positive bending at
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the centre of the span. Usually only the steel section is used
to carry the negative moment, while composite action is provided
for the positive moment section. The stiffness to be used

must take into account the variation of moment of inertia

along the beam; steel section at both ends aﬁd composite section
at the centre. The method of determining the stiffness of such
a member is by the method of Colgmn Analogz - a good account of

which is given in Ref.48. Chap.24.

This is not a very practical method expecially when the
inflection point or the length of composite section is not
known. With every change in composite section, a new stiffness
calculation is required and consequently the formation of a
new stiffness matrix. An exact solution will in every case
require a number of iterations and this will be time consuming.
With the number of problems that have to be solved, it is

obviously not a very efficient method.

What is required is a method that allows the properties of
the members to be changed, without any alteration to the other
parts of the program. This is an iterative procedure. It would
facilitate the computations greatly if only the areas, the
moment of inertia of the steel beam and that of the composite

section need be changed.

Fortunately a method that offers such capability and
flexibility can be found in STRUDL ( Structural Design Language ),

a problem oriented language. It is a large-scale computer system
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which permits the engineer to solve complex étructures with a
minimum of computer programming experience. Since STRUDL is

a problem oriented language, it requires very little programming
knowledge for its use or understanding. STRUDL is a subsystem
of ICES ( Integrated Civil Engineering System ) developed by

the Civil Engineering Systems Laboratory, Massachusetts
Institute of Technology. ICES is an information processing
system oriented toward the creation and usé of engineering
problem-solving capabilities. For further information on this
computer program, refer to Appendix III and Refs. 37, and

43 to 45.
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Effect of Composite Action on the Moments in a Frame

To determine the effects of providing composite action
in a beam of a building frame, composite behaviour of 0.10L
to 0.90L is assumed in the positive moment section equidistant
from the ends, with variations in increments-of 0.10L. For
each length of composite section, the moments in the frame
were determined by the STRUDL program. This is done for span
lengths of 20 feet and 50 feet, énd only oﬂe loading condition

of LL/DL ratio equal to about 3 ( W = 4K/ft. ).

The results are shown in Figs. 4-2 and 4-3. The moments
are plotted against the length of the composite section. The
pattern of behavior is exactly the same for both spans. With
0.10L for the length of the composite section, the negative
moments at joints 2 and 5, 1 and 4 are a maximum. There is
a decrease with increasing length of the composite section.
About 0.70L the moments at joints 2 and 5 begin to increase
again, but at joints 1 and 4 the moments continued to decrease.
The positive moments of beams Bl and B3 are a minimum for 0.1L
of composite section length. There is an increase until to
0.70L when a decrease is noted. It is interesting to note
that the positive moment curves are almost a mirror image of the

negative moment curves of joints 2 and 5.

The negative moment controls the design for both composite
and non-composite action. This can be seen in the curves and

it occurs at joint 2 of the top beams. The moments for a
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section satisfying the non-composite design ére shown by the
symbols (I), superimposed on the moment curves which are
established using a section satisfying the composite design.
The exact solutions for the composite design (i.e. by providing
the composite section between the inflection.points) are shown
by the symbols (@). It can be seen that they correspond
closely to the minimum negative moments and the maximum
positive moment obtained by arbirtarily plécing the composite
section at equal distances from both ends. The exact minimum
negative moment for non-composite design for L = 20 ft. is

173 k ft. while for the composite design it is 123.0 K ft. -
approximately 28.9% reduction. For L = 50 ft., the exact
negative moment for non-composite design is 1051 K ft. while
for composite design it is 860 K ft. - a reduction of appro-

ximately 18.2%.

From the above it can be seen that there is a decided
advantage in using composite construction from the standpoint
of structural stiffness and also savings in steel. It seems
also that the amount of composite section rather than its

location is more significant from the standpoint of analysis.




4.4 Empirical Relationship between Moments, Loading and

Span Length

One of the most difficult problems in composite design is
the determination of the correct beam size. A reasonable first
trial section must be made in order for an éxact analysis’to be
made without toommany trials. This is desirable from the
practical point of view.

A method of selecting the steel section for a trial com-
posite design is given in Art. 403, p.l04 of reference 47. It
suggested that the trial section may be selected by increasing
the allowable stress by a certain percentage for various values
of modular ratio n. The percentage increase and the modular

ratios given in reference 47 are

n Ag_in &
6 37
8 33
10 28
12 24
15 20

For a modular ratio of 10 the allowable stress may be multiplied
by a factor of 1.28, and this means that a composite member may
use a steel section with a section modulus of about 78 percent
of the comparable non-composite member. This method gives very
good results, but in using this method, it implies that the non-
composite member section must be known first, before a trial

assumption can be made.
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If it is desirable to provide composite action in a frame,
it is more useful to be able to obtain a trial section based on
the loading conditions and the span length. To do this, an
empirical relationship between the moments in a composite frame,
the span length and the loading condition is required. To obtain
such a relationship, the typical frame of Fig. 4-1 is analysed
for both non-composite and composite design for span lengths of
20, 30, 40 and 50 feet, and loading conditions of LL/DL ratios
equal to 1, 2 and 3. In each of the above cases, the columns are
kept constant at 12 feet height. The effects of varying the
columns height( by changing to a 20 - 15 feet configuration ) is
also investigated for the different spans, but only for one
loading condition of LL/DL = 2.

The results are plotted as curves of moments against span
lengths for the various loading conditions in Figs. 4-4 to 4-8.
The moments are given in terms of wlL, where w is the applied
uniform load( kip/ft ) and L the span length(ft). The curves
given in Figs. 4-4, 4-5, 4-6 and 4-7 are for the negative
moments at joints 2, 5, 1 and 4 respectively. The controlling
moments are at joint 2, as shown in Fig. 4-4. This is true in
everyone of the cases investigated. The curves are more or less
linear in relationship for moments at joints 2 and 5, but for
joints 1 and 4, the points are more scattered for the case of
the 30 feet span. Nevertheless for simplicity, a linear
relationship has been assumed for the Moment vs. Span length

curves, since these curves are to be used only as a guide for
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the first approximation. The controlling moments at joints 2
range in value from 0.073wL%to 0.0775wL2for w = 2 to 4 kips/ft
respectively for L = 20 feet, while for L = 50 feet, the values
range from 0.080wL2to 0.086wL2for the loading range. Values
for span lengths between 20 and 50 feet fall within the values
given by the abové bounds. The results for the positive moment
values are given in Fig. 4-8. The curves also indicate more or
less a linear relationship between moment and span length,
except in this case, the moment decreases with increasing
span length; from a high of about 0.08wL2for I = 20 feet, to
a low of 0.07wL2for L = 50 feet. In everyone of the cases
investigated, the positive moment does not control the design.
The above curves can be used to estimate a trial steel
section for composite design for a rigid frame. To use these
curves ( Figs. 4-4 to 4-8 ), the type of joint into which a
member is framed must necessarily be taken into acdount. If d
member is connected by a very rigid joint or if it is connected
to a very stiff column, it can be assumed that it approaches
the behavior of a fixed-end beam. For this purpose the composite
design of a fixed-end beam is also investigated. The format of
investigation is exactly the same as for the typical frame of
Fig. 4-1, by varying the span lengths and loading conditions.
The results are shown in Fig. 4-9. These curves can be used to
determine trial sections for composite design if the members
involved can be treated as a fixed-end beamn.

In order to make a comparison, the non-composite design
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for the corresponding composite case is also carried out.

The controlling moment is also the negative moment at joint 2.
Wind load'is not the controlling factor for this type of low
building, only the gravity load is. To sée the difference
between the two types of design, the composite moment at joint
2 is expressed as.a percentage of the non-composite moment at
the same joint, and this is plotted against the span lengths
for the various loading conditions. The curves obtained are
shown in Fig. 4-10. The values for the composite moment range
from 68% to 71.5% of the non-composite moment for the range of
loading of w = 2 to 4 kips/ft for L = 20 feet. For L = 50 feet
the range is 80% to 82% for the range of loading. It can be
seen that approximately 20 to 30% reduction in moment or
section modulus is possible - the larger reduction for the
shorter span length of 20 feet and the smaller for the 50 feet
span leﬁgth. It can also be seen that the 22% possible
reduction in section modulus suggested by the method of
reference 47 falls within the above suggested values. The
other possible reductions in moments for the composite beam

for the other joints are as follows

joints ¢reduction
1 20.0
4 20.0

5 23.0
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 From an economic point of view, the savings’in steel
is usually the governing faétor. The results of such an
economic comparison is shown in Table ( 4-1 ). The weight of
the non-composite beam and the composite beam is given and the
difference in weight is expressed as a percentage of the form-
er. It can be seen that in every case there is a saving in st-
eel weight. The savings range from about é% tol30% - with the E
higher percentages for the shorter spans and the lower percen-

tages for the longer spans.
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-4.5 Location of Inflection Point

As has been previously determined in Section 4.3, the lo-
cation of the inflection points is not significant from the
standpoint of the analysis; the total length of the composite
section provided is more significant. This is also shown by the
fact that for every one of the composite cases investigated the
length of composite section provided fallé within the optimum
range suggested by the curves of Figs. 4-2 and 4-3. The mini-
mum length provided is 0.0705L and the maximum is 0.791L.

The location of the inflection points may not be import-
ant from an analytical point of view, but it is from the prac-
tical and the construction point of view. In order to be effec-
tive, the composite section must necessarily be placed in the
positive moment region between the inflection points.

Reference 25 recommends a value of 0.10L from the ends qs
the location of the inflection points for design. fhis value is
obtained from the redistributed moment for a fixed-end beam.

In practice this is not true, even for rigid framing. For each
of the cases investigated for the composite beam frame, there
is strong evidence to indicate that the location of the inflec-
tion points depends on the relative stiffness between the beam
and column, the type of joint the member is framed into, ( whe-
ther it is a two, three or four member joint ). Furthermore

the location is also affected to a certain extent by the end
conditions of the member - i.e. the inflection point at one

end is affected by the end condition( type of joint ) at the
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other end and vice versa.

The aone must necessarily be true, since most members in
a rigid frame have end conditions that are intermediate in be-
havior between a semi-rigid end in which a certain amount of
rotation is possible and a fixed end where no rotation is pos-
sible. It would be nore desirable to be able to predict a more
accurate inflection point based on the member properties rath-
er than the arbitrary value of 0.10L recommended in reference
25. Towards this end, the frame of Fig. 4-1 is further invest-
igated by varying the sizes of the columns while keeping the
composite beams constant. This is done for span lengths of 20,
30 and 50 feet, and only for one loading condition of w = 3
kips/ft. The column heights are kept constant at 12 feet in
each case.

The format of the investigation is as follows : the inte-
rior columns are kept constant at the minimum allowable sectibn
while the exterior columns are varied in sizes. For each vari-
ation, the inflection point is changed, and the length of com-
posite section: is correspondingly reduced or increased to re-
flect this change.

One result that is obvious from this investigation is that
with increasing column size, the inflection point is shifted
towards the center portion of the beam, which means that the
amount of composite section is reduced. To relate this change
to the properties éf the members, the distance of the inflec-

tion point from the end is plotted against the relative stiff-
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ness of the column and the beam. The stiffness of the beam and

column is given by the following :
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where IB’ L_ ancG Ic, Lc are the moment of inertia and length

B
of the beam and column respectively. The relative stiffness of

the column and beam is designated as ;

With the distance of inflection point from the end ol as
ordinate and the relative stiffness Sr as abscissa, the results
obtained are shown in Figs. 4-11 to 4-13 for the three cases.
The behavior pattern is similar in the three cases. The change
in inflection point at joints 1 and 4 is particularly sensitivé
to the change in relative stiffness S .. When Sy, is less thén
1.0, the slope of the curve is rather steep, but when Sy is
greater than l.Q, the slope gradually levels off until at S
around 2.0 the éurve more or less flattens out. To indicate
tbis sensitivity, the increase in inflection point distance is
calculated for two limits of Sy ; e.g. for the case of L = 20
feet, for Sy from around 0.2 to 2.6 the corresponding increase
in oL for joint 1 goes from 0.054L to 0.1375L an increase of
approximately 154%, while that for joints 2 and 5, the increase

is from 0.1416L to 0.1665L - a 7.5% increase for a correspond-~
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ing‘increase in Sy. This is the same for the other two cases,
except the difference in the increase for joints 1 and 4 and
joints 2 and 5 is not as large. For L = 30 feet, the increase
for joints 1 and 4 is about 77% compared to 12% for joints 2
and 5, and for L = 50 feet, the increase is 61% and 6% for
joints 1, 4 and joinfs 2 & 5 respectively. From the above, it
can be seen that the change in inflection point at joints 2 and
5 are not sensitive at all to the variation in column size. For
a relatively large variation in the relative stiffness ratio Sr
the change in the inflection point is only 6 to 12%. For this
reason no intermediate points are obtained and for simplicity
the al. - Sy relationship for joints 2 and 5 is assumed to be a

straight line relationship( Fig.4-15 ).

It is also apparent from the curves that the type of joint
a member is framing into is also é factor in determining the
inflection point. For the same relative stiffness ratio Sy, the
inflection point distance ol for joint 4 is greater than that
for joint 1. Also for the same Sy, the inflection point distance
for joints 2 and 5 is much larger than that for joints 1 and 4.
The conclusion drawn from the above findings is that the
stiffer a joint is, the larger will be the inflection point

distance aol.

Normally for joints with three or more members framing to-
gether such as joints 2 and 5 of the typical frame of Fig. 4-1,

or when the stiffness of the column is very much larger than
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that of the beam, the inflection point distance ol. can be
approximated by using that of a fixed-end beam. For this purpose
a fixed-end composite beam is investigated for the different
spans and three loading conditions. The results obtained are
shown in Fig. 4-14 with the inflection point distance al as the
ordinate and the spén length as abscissa. Three curves are
obtained fér the three different loading conditions. The curves
show that oL increases when the span length increases. From the
standpoint of the length of composite section provided, the

curves given, generally provide a conservative value.

By examing the curves of joints 1 and 4, for the three
cases, it is seen that the shape of the curves are similar, and
also the range in values are approximately the same. Since this
is the case, the curves for the three cases are plotted together
to form two curves for joints 1 and 4 for which the general

case can be applied. The resulting curves are shown in Fig.4-15.
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" CHAPTER ' 5

" Application and Discussion of Results

To determine the validity or applicability of the curves
determined previously in Chapter 4, they are applied to the
solution of two franes for which composite construction is to
be used. The two frames to be analysed are shown in Figs. 5-la
and 5-1b. The frame for example Né.l is a 2 5ay—3 story frame,
with 36 ft. span length and 15 ft. columns. Actually the top
story is a portal with a 72 ft. span, while the bottom left por-
tion of the frame consists of a 30 ft. column. The second
frame is a 3 bay-2 story frame with three equal spans of 30 ft.
and 12 ft. columns. The joints of each frame are numbered in

numerical order as are the beams for purpose of identification.

The frames for both examples are analysed first for non-
composite design and the sections are as shown in Figé.S—Za-and.
5-4a together with the applied loadings. It is also assumed
that the slab used for both frames is 5 inches in thickness. For
example No. 1 a section of 33WF11l8 is required for beam Bl;
21WrF62 for beam B2 and B3, and for B4 a 21WF55 is adequate. The
two' top columns are 14WF150 sections, while the bottom columns
are 1l4WF78 sections. All the designs are based on AISC specifi-
cations and all sections used are A36 steel, except for the two
top columns of 14Wr1l50 which are A242 steel. A large section and
a higher strength steel is used for the two columns in order to

resist the excessive bending that occurs there. For example
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No. 2 with the same loading on each span, the same section is
used for all the members and the required section is a 21WF68.
The two interior columns are 12WF50 Sections, and the two ex-
terior columns are 12WF58 Sections. It is pointed out that
(wind+gravity) load is not the controlling factor in both cases,
because of the 1/3 increase in allowable stress permitted by
the AISC & CSA Specifications (Sec.l1.5.6). The (DL +LL) moment
diagram for non-composite design for the two examples are shown

in Figs. 5-3a and 5-5a.

To determine the preliminary sections for composite design,
the curves of Figs. 4-4 to 4-11 are used where applicable, if
not the average value of percentage reduction of moment obtained
in Section 4.4 of Chapter 4 is used. For beam No. 1 of example
1, the span length exceeds that given in the curves, therefore
the percentage reduction given in Section 4.4 is used. Assuming 
the critical moment is at joint 1 or 2, the percentage reduction
given for this type of joint is 20%, which would give a moment
of 407 K-ft. from which the trial Section is determined. The
required Section:Modulus is 204 in3 and the most economical sec-
tion satisfying it is a 27WF94. For beams No. 2 and 3, the cri-
tical moment is assumed to be at joint 4 and the curves of Fig.
4-4 are used. The controlling moment for beam B4 is assumed to
be at joints 6 or 7 and the curves of Fig. 4-7 apply. A sum-
mary of the moments derived from the given curves and the cor-

responding economical Sections are given below:
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Beams Moments (K-ft) Econbmical Sections
Assumed Exact |
Bl 407.0 | 427.0 27WF94
B2, B3 0.0769yL (195.0) 189.0 21WF55
B4 0.0465WL (121.0) 144.0 ~ 16WF40

From the above,.it is seen that for beams 1 to 3 no revi-
sion is necéssary compared to the exact sections shown in Fig.
5-2b. In comparing the assumed moments with the exact moments
shown in Fig.5-3b, it is seen that the critical moments for
beams B2 and B3 do not occur at joint 4, but at joint 3 and 5,
and also there is a 16% between the assumed and the exact
moment for beam B4, These discrepancies stem from the fact that
the frame for example No.l is quite different from the frame
used in the previous investigations, where the end conditions

of the members are guite different.

For example No.2, the frame resembles more closely the
frame of Fig.4-1 used in the previous investigations. The con-
trolling moments are assumed to be at joints 2 or 3 and at 6
and 7. For beams él and B3, the curves of Fig.4-4 are used, and
for B4 and B6, the curves of Fig.4-5 are used. For beams B2 and
B5,.with 4 members at the joints, a fixed-end beam is assumed
and the curves of Fig.4-9 apply. The derived moments, the exact
moments as obtained from Fig.5-5b and the corresponding econo-

mical section are summarised below:
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Beams Moments Economical Sections
Assumed i Exact
Bl, B3 0.0787WL (212.0) 196.0 21WF55
B2, B5 0.0674WL (182.0) 187.0 21WF55
B4, B6 0.0758WL (204.0) 192.0 21WF55

Since all the members are assumed to be the same only Bl
or B3 need be considered and with an assumed moment of 212.0 K-
ft or a required section modulus of 106.0 in , the required sec-
tion is a 21¥WF55.This section is the correct section as shown in
Fig.5-4b. The assumed moment for the other beams also show very

good agreement with the exact value.

After determining the preliminary steel sections, the next
step is to determine the length of composite section to be pro-
vided or the location of the inflection points for each member.
As a first approximation, the same amount of composite’ section
located at equal distances from both ends may be assumed for
each member or a more accurate approximation can be obtained

by using the curves of Fig.4-11 to 4-15.

For example No.l, the inflection point distance ¢, for Rl
is obtained by using the curve for joint 1 of Fig. 4-15. For
beams B2 and B3, the curve for joint 4 of Fig. 4-15 is used for
the ends at joints 3 and 5, and similarly for that of beam B4.
For joint 4, the curve for joints 2 and 5 is used. The results

as obtained by using the curves of Fig. 4-15 are summarised
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below togather with the exact values.

Beams Joints §£- oL (inch)
Assumed Exact
Bl 1l & 2 1.115 0.120L (104.0) 99.0
B2 3 0.827 0.139L (60.0) 69.0
4 0.636 0.166L {71.0) 63.0
B3 4 0.636 0.166L (71.0) 72.0
5 0.986 0.143L (62.0) 75.0
B4 6 & 7 0.96 0.142L, (61.0) 54.0

It can be seen that there is quite a bit of difference
between the assumed and the exact values especially for beams
B2 and B3. Using these assumed values, the forces and moments
calculated are practically the samé as the values obtained when.’
the exact values are used. These results are given in the com-

puter output of DLxample No. 1.

Similarly the curves of Fig. 4-15 are used to determine the
inflection ‘point distance oL for the frame of example 2. The
same general rule is applied in using the aL vs. Sr curves;
curve for oL at joint 1 is applied to that of joint 1 and 4,
curve for aL at joint 4 to that at joints 5 or 8. However in
this case, beams B2 and BS5 are treated as fixed-end beams and
therefore inflection point distance ol curves for fixed-end

beams of Fig. 4-14 are used instead. The results are summarised
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below.
Beams Joints Sr. oL (inch)

Assumed Exact

Bl or B3 1 0.371  0.078L (28.0) 30.0

2 0.3075 0.1625L(58.5) 57.0

B4 or B6 5 0.37% 0.110L- (40.0) 39.0

6 0.3075 0.16255L(58.5) 57.0

B2, BS 6 & 7 - 0.1545L (56.0) 57.0

It is seen that there is close agreement between the
assumed and the exact values, which are shown in Fig. 5-4b
togather with the exact length of Composite Section. The re-
sulting moments based on the assumed values are also almost the
same as those based on the exact values. (See Computer output

of Ex.2)

It can be said that the curves of Fig. 4-15 can be used to
determine the location of the inflection points with a good
degree of accuracy as long as the configuratiion of the frame
resemble the frame from which the given curves are obtained.
Forlall other types of frame, the curves of Figs. 4-14 and 4-15

provide a reasonable basis for a first assumption.

From an economic standpoint, the composite designs for both

examples are also more economical than that for the correspon-

ding non-composite designs. Based on the weight of the steel
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beams alone, the savings in steel is 17.5% for the frame of
example No. 1 and 19.1 % for that of example No. 2. If the
saving is based on the total weight of the whole frame, then

the saving is reduced to 10 % for frame 1 and 13.2 % for frame

No. 2. The breakdown for the different components of both frames

is shown in Table 5-1.

From the standpoint of safetj, the compésite beams also
provide more than an adequate factor of safety. The ultimate
strength of the composite beams for both frames are calculated.
(See Appendix IV for calculations) For beam Bl of example No. 1
the ultimate moment is 15,930 kip-in while the total design mo-
ment is 7355 kip-in. The resulting factor of safety is 2.17.

For beams of frame #2, the ultimate moment is 8150 kip-in while

the maximum design moment is 2375 kip-in, with a resulting F. S.

of 3.43 which is much higher than that for Bl of frame #l. For
the steel section of Bl for frame #1 the F. S. is 1.95 and for
that of frame #2 it is 1.93-this means in both cases the Com-

posite Section is not likely to fail first.



CHAPTER 6

CONCLUSION

From the theoretical investigations performed on the ty-
pical frame of Fig. 4-1 and also from the application of the
results from these investigations, the following conclusions

can be drawn.

Providing composite action in a rigid frame has the effect
of reducing the negative moments and increasing the positive

moments in a beam.

The total length of the composite section -provided is
mofe significant from the analytical point of view than the
exact location of the composite section along the beam. pro-
viding the optimum amount of composite section at equal dis-
tances from both ends of the beam will result in a moment
that is almost the same as the exact value. The optimum length

of the composite section is usually between 0.70L and 0.80L.

The curves:developed in Chapter 4 for determining the pre-
liminary steel section for composite design and also the curves
for determining the location of the inflection points of a beam
in a rigid frame give very good results, wheh. the configuration
of the'frame is the same as, or resembles that used in the in-
vestigation. For other types of frame whose configuration differ
from that of the given one such as that of example No. 1, the

curves still provide a reasonable assumption which requires-
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only one more iteration to arrive at the correct results. From
a practical point of view,the first approximation with respect
to the location of the inflection points or the length of com-
posite section, is accurate enough since further refineménts

do not result in any further economy.

There is a definite advantage in using Composite Construc-

tion from the standpoint of either economy or structural stiff-

ness.

The moment of inertia of a composite beam is usually 2.0
to 2.5 times as large as that of a comparable non-composite
beam, and this means that the compsite beam is on the average
1.5 times as stiff as the non-composite section in a frame .

A stiffer structure will also result in smaller deflections for
the members. The ability of a composite structure to take over-

load is also much greater than a non-composite structure.

From the economic point of view less steel is required for

the same loads and gpan when composite construction is used.
This is confirmed in the investigations and also in the two
examples presented. The percentage savings in steel weight are
shown in Tables 4-1 and 5-1. The savings range from 10% to 30%
which falls within the raﬁge reported in section 1.3. These sa-
vings are only for a single bent and for a large structure; a
10% saving can be qguite substantial.

A further advantage of composite construction is the pos-

sibility of smaller over all floor depths. This aspect is of
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particular importance in tall buildings. With reduced beam dep-
ths, the height of the buildings will like wise be reduced. Con-
sequently the column heights will also be shorter~ and this
will result in smaller costs for walls, partitions, plumbing,
wiring, ducts for air conditioning, elevators shaft and to a
certain extent the foundations. Fireproofing costs will also be

reduced for a reduced beam depth.

A greater savings in steel weight and a greater reduction
in beam depth is possible by providing cover plates at the non-
composite negative moment section to balance the composite posi-
tive moment section. However the savings in steel in this case
must be compared to the costs of fabrication. Usually the costs
of fabrication exceed the cost reduction for short or lightly

loaded spans.

In comparing the total overall economy, such factors as
labour and material costs for the different structural elements
must be taken into account. Whereever possible, fabrication de-
tails should be minimised to save shop time; duplication of
parts such as field joints to reduce detailing time. The method
of erection is also a factor affecting the overall economy, de-
pending on whether it is shored or unshored construction. If
shores are used which is usually the case ~ then rensable pre-
fabricated shores should be used to save materials and more im-

portant to ensure efficiency and speed in erection.



It has been demonstrated that composite construction is
more advantageous in almost every aspect than a non-composite
one. A saving of from 10% to 30% is possible in the beam weight,
and structurally a composite structure is also very much
stronger. With moderp techniques in welding, it is also possible
to achieve a simpler and lighter joint capable of rigid frame
action without having to resort to'a balky type of bolted-
bracket joint. With the above in view, whenever concrete or
structural steel are considered as building components, con-

tinuous composite construction should be considered.

SUGGESTION FOR FUTURE STUDY

It should be noted that the advantage gained by providing
composite action in a frame is based on the analysis of the
frame acting independently of other structural elements such as
the floor and the wall. In an actual structure, the floors and
walls interact with the frame as a unit and can contribute sub-
stantially to the structural rigidity of the frame. In particu-
lar the composite:floor is a very strong structure and can act
as a very stiff plate. Further investigation both analytical and
experimental is recommended to determine the degree of contri-

bution by the composite floor.

Further investigation into the application of plastic com-
posite design to rigid frames is also desirable. In this study,

the moment capacity of the beam sections indicated that negative
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moment hinges in the frame is likely to form first. 'Model
testing as carried out in Reference 60 can be carried out to

determine the plastic behavoir of such a frame.

Further research into the use of epoxy cdmpound as a
shear connector is also recommended. The development of a re-
liable and economical epoxy compound can make composite cons-
truction for many light structures‘an economic proposition,

which would not be otherwise.
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"APPENDIX ' T

FIGURES
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Non-composite Composite % of Non- % of
L _
Steel Weight Steel Wt.. |[Composite Wt. Savings
*
16B31 14B26 100
20 16.1
620 520 83.90
21WF55 16Wr45 300
30 18.2
1650 1350 81.75
24WF76 21WF68 320
40 10.5
3040 2720 89.50
30WF108 27WF 84 1200
50 ] 5 22.2
5400 4200 77.80
16WF45 16831 280
20 31.1
900 620 68.90
24WF68 21WF55 390
30 19.1
2040 1650 80.90
30WF99 27WF84 600
40 15.15
3960 3360 84.90
36WI'135 33WF118 850
50 12.6
6750 5900 87.50 :
18Wr50 16WF40 200
20 20.0
1000 800 80.0
27WF§4 24WF68 480
30 19.0
2520 2040 81.0
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TABLE (4 - 1) (cont'd)
Non-composite Composite % of Non- % of
L ..
- -Steel Weight | Steel.Wt. . Composite Wt. Savings
33WF118 30WF108 400
40 ) 8.5
4720 4320 91.5
36WF160 33WF141 950"
50 11.90
- 8000 7050 88.05

- * Top figure refers to the actual difference in lbs. of

steel weight.
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TABLE (5 - 1)

Non-composite Composite Difference % Saving
Beams 14,944 12,348 2596 17.4
Columns 11,520 11,520 —-——-

Total Wt. 26,464 23,868 2596 9.8
Example 2

Beams 12,240 9,900 2340 19.1
Columns 5,424 5,424

Total Wt. 17,664 15,324 2340 13.25
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APPENDIX III
DESCRIPTION OF COMPUTER PROGRAM

As pointed out previously in chapter 4, the special com-
puter system called STRUDL (Structural Design Lénguage) deve-
loped at M.I.T., is used to solve all the frames in the theore-
tical investgations. STRUDL is a command-structured language
and a set of programmed procedureslfor processing the commands
or instructions. The language is easily understandable to an en-
gineer, as they consist of phrases in engineering terminology.
Words and phrases used for inputing data are so structured that

their meanings are self-evident to a structural engineer.

STRUDL is applicable to a wide range of structural pro-
blems. It is capable of carrying out calculations for a wide
variety of elastic structures, including two and three dimen-
sional bar and plate structures, rigid or pin—jointedlframes;
subjected to various types of loadings and constraints. Mem-
bers in the structures may also be non-prismatic and have any

orientation with respect to the frame.

Available analytical methods are
Determinate analysis
Preliminary analysis

Stiffness analysis

The Determinate analysis is the solution by statics alone

of a determinate structure - no member properties are required
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for this analysis. The Preliminary analysis is an approximate
analysis procedure based on thé user's supplied information

such as the magnitude of a reaction or moment to render the
problem statically determinate. The Stiffness énalysis is a
linear, elastic analysis procedure; in which the joint displace-
ments are treated as unknowns and the member properties are

required.

All input to STRUDL is made through problem - oriented
commands. These are one or more English Keywords which in most
cases is self-evident in meaning to the engineer. For input data,
the user must specify the type of structure, the geometry of the
structure, its topology or connectivety, the member's properties
and the loading conditions. Geometry is specified by providing
the coordinates of the joints, and the topology by specifying
the incidences of each member. The properties of members may -
be given in a number of ways; by providing the section proper-
ties of a prismatic member or of segmented‘sections of a non-
prismatic member. Loads may act on the members and joints and
may have any arbitrary orientations. Wind loads are usually con-
sidered to act at the joints. Any number of loading conditions

may be considered.

Many forms of output are available to the user. The analy-
tic procedures provide member and forces (moments), reactions
(shears), axial fprces, joint displacemerts and member distor-

tions. Force envelopes are also available. Force or stress at
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a specified section along a member can also be calculated for

different loading conditions to determine the maximum stress.

STRUDL is also structured in such a way as to be compa-
tible with the logical sequence of design operations. The se-

quence of operations can be assumed to be as follows :

1) Data input, and modification
2) Analytic procedures
3) Data subsetting

4) Data output

The minimum specifications necessay for analysis and so-

lutions by a computer would consists of the following

STRUDL ' job id ' ' title ' (initialization)
TYPE ' ' (structural type)
JOINT COORDINATES (geometry)
MEMBER INCIDENCES (topology)
MEMBER PROPERTIES ' (physical properties)
LOADING 'name' 'title' (loading description)
LOADING LIST = (pertinent loading)

' ANALYSIS (analysis)
LIST ‘ | (output)

An example of such a minimum specification for computer
run is given below with the frame of example 1 as the example.

(See Fig. 5-1a)
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STRUDL ' job. id ' ' title °'

All STRUDL programs must be preceded by this cémmand.
This command prepares the systém to accept the input data for
the problem. 'job. id ' is the problem or job identifier chosen
by the user and is limited to 8 characters. ' title ' is an ar-
bitrary problem title (limit to 64 characters) and is printed

with the output for user's reference.

TYPE PLANE FRAME

The frame of example 1 and 2 is classified as slane frame,

snch as plane Grid, plane Truss, Space Truss or Space Frame.
JOINT COORDINATES

This command specifies the geometry of the structure in a
Cartosian Coordinate System. Lables for coordinate directions
need not be given if the coordinate numbers are given in the
same oder as %X, y, z. Also if all the coords. are zZero, they‘
may be omitted entirely. The word SUPPORT may be abbreviated
to S to describe the end condition. Thus for the frame of Fig.

5-la, the joint coords. are

1 0.0 45,

2 72.0 45,

8 S

9 36. 0. S
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MEMBER INCIDENCES
{ i} =~ Starting joint end joint

Member incidences define the connectivity- each member
in a structure is connected to 2 joints. { i} is the identifier
for the member and it can be a integer or a élphanumeric. For
conveniencé, the integer is used for example- 1, thus the member

incidences are

1 1 2
2 3 4
3 4 5
4 6 7
11 7 10

MEMBER PROPERTIES ( PRISMATIC or VARIABLE)

Depending on whether a member is uniform or non-uniform,
the word prismatic or variable is used : prismatic for uniform
and variable for non-uniform. A number of different format is
available for specifying the member properties. For the probhlem

of ex. 1 the following format is used

For uniform member,

members' number AX IZ SZ

———— e e,
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For non-uniform member,

List of member

SEGMENT o AX - IZ'T'“ L‘:'.
LOADING ' name ' ' title '

Loading as its name implies; specifies the types of load-
ing that are applied to the structure. 'name ' is an identifier
and can be an integer or a alphanumeric, ' title ' is an arbi-
trary name which is printed with the output for more meaningful
identification of results. As an example, the loading for exam.

1 can be specified as :

LOADING 2 ' DEAD LOAD + LIVE LOAD '

MEMBERS 2 TO 4 LOADS FORCE y UNFORM ~ 2.0

The above indicates that members 2 to 4 is under a uniform load
of 2 kips per ft. The other terms are self-explainatory. For

wind loading, it can be specified as,

LOADING 3 'WIND LOAD '

JOINT 1 LOADS FORCE X 4.5
The above indicates a load of 4.5 kip acting at joint 1.
LOADING LIST ( n )

Usually there are more than one loading invalved, and the

loading list can be used to select a particular loading for -
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analysis.

For the analysis, 3 types are available, but for both ex-

ample, only the Stiffness analysis is used.

For output the Command LIST will automatically print what
is requested. An example of an output statement for the mements

and shears in a frame can be written as,
LIST FORCES, REACTIONS

The format of all outputs in STRUDL is fixed, and the user has

no contol over that,

For a detail treatment of this STRUDL program, References

43 to 45 should be consulted;

A sample STRUDL program on example 1 is given on the next

page together with sample output.

All the ICES - STRUDL programs in this investigation are

implemented on an IBlM System/360, model 65 computer.




RESULTS OF COMPUTER PROGRAMS
FOR

EXAMPLE No. 1

NOTE : EXACT SOLUTIONS are given first, together
with Moments for ( DL+LL+WL ), and also a force

envelope for Beam Bl
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STRUDL ' M, ENG. _ EX. 1 1? ' 3 STORY _ 2 BAY _ 36 FT SPAN
A ety oyl koo Yoo oSt skl ol r‘:‘:'.fi: e oz sl ool Neoole o e e 3 e Yool s 30z sk e e o ol
%* %
% ICES "STRUDL=1 %
2 THE STRUCTURAL DESIGN LANGUAGE #
% ; LS
3 CIVIL ENGINEERING SYSTEMS LABORATORY %
* MASSACHUSETTS INSTITUTE OF TECHNOLOGY *
% CAMBRIDGE, MASSACHUSETTS ¥
* TJUNE, 1968 MOD 2 %
ES -3

3

TYPE PLANE FRAME

UNITS FEET KIPS

—JUTNT CUORDS

1 0. 45.

2 72.0 45,

) O 23U _
4 36. 30. - o
5 72. 30.
36T TS
7 Te. 15. . I I
8 S
o 365 0% >

10 712,



l MEMBER INCIDEMCES |

ﬁr
o
N
wn

11 7 10

UNITS INCHES

TTTMEMBERTPRUPERTTES PRISH e

(o)

$ COLUMNS 7 T0 11 1 14WF78(A26), P=400K(15), P=236K(20)

7 10 11 AX 22.94 17 851.2
_mﬁT“m~CUEUHNS_F“E“G__T“~T4WFTSOTA24?:46KSI)T"?_E‘1029K(15')

59 6 AX 44.03 11 1786.9




MEVMBER PROPERTIES VARTABLE

E ISTORY 2 BAY (™ 36F 7o SPAN ITTITT 207 COLS. ) W=2K/FT

5 REAM FOR PRISM,. SECTION : 33WF118(A36), S=358.3

$ SR=1,115%
TN T REAM WITH T COMPL  SECT T T 2UNFO4TATE), T SE242W8
1

s i e T f g YA e

SEG 1 AND 2 AX 27.65 12 3266.7 L 99.0

SFC 2 EXT 72015 127789937 L 6A5.0

b BEEAM FOR PRISM, SFCTION : 21WF62{A36), "S5=126.4

3 BEAMS WITH COMP. SEC. T 21WFS55(A36), S=109.7

$ SR=0.827 & SR3 = 0,986

SEG 1 2X 1¢.12 17 1142,7 L 69.0

: SEC 2 AX BRTRY T RGN TTLT30N N

SEG 3 A¥Y 16,18 17 1140.7 L A3.0

")

SEGTIT AYTICS IR 17771753077 C7172.1

SEG 2 AX 60.68 17 3208.0 L 285.0

SEC 3 AX 16418 17 1140.7 L 75,0

5 BEAT FORF PRI SV SECTTTEN : 2TAFSSTAIE) Yy S=E10Y.7

% BFAM # 4 3+ 1PWF45(A36), S=78.¢€

A

SUGCT TN 3 AXTT S 7 reae™ rsen

SEC 2 AX 57.74 12 213n.4 L 324.C

CONSTANTS E 290C0. ALL



NS T FRET

$  SPECIFY LOADING CCNDITICNS

LOADING 1 ¢ DFAC LOAD ¢

MEFBFRS I 1C & (ADS FORTE Y UNITORM =170

LOACING 2 ' WIND LRAD

JOINT 1  LOADS FORCE X 4,5

JTIXT I LIRS FORCE X129

LOACING 3 ' D.l. + Lot !

MEMBER 1  LDADRS FORCE Y UNIFORM -1,6

= MEPBERS T2 T e O ATS FORCET Y UNTFORM =20
LOADING 4 " Dele # Loale + Wele !
MEMBER 1 LOADS FOPCE Y UMIFORM -1,6
MEMPERS 2 TN 4 LOACS FOBRCE Y UNIFORYM -2.0
JCIKT 1 LOADS FORCE X 4.5
JCINT 2 LCALS FORCE X 13,5
A PRINT CSTRUCTURAL DATA T ——




. , o' -t e e ats yts ot ) s e wte WAl oo S o ! . J. . o ats ale o2
o Sl ofs 25k o't 3le P st ok sk Fe e o o Skoolzse P Peslz et e ok e Sesdestedde Sk o e sl

¥  PRCBLEM [CATA FROM THNTSANAL STORAGE

Foded ool sz S de Jrsholetr Stk e Y et e ot e

®oH

T X ders

0B IC M.TENG.

NENE =" 37STORY 72 BAY 36 FI SPAN

ACTIVE UNTTS LENGTE

FEFT

WETCHT
Kipe

ANGLE
RAD

TEMPERATURE
DEGF

TIME
SEC

o o e e Sie sl ot e sz o

STRUCTURAL DATA  eslsesidol okl

ACTIVE STPUCTURF TYPE = DLUANET FRAME

ACTIVE CNORDINATE AXES X Y

JOINT CCORDIMATES
JOINT

/
~~=-STA S
CONDITICN STATUS /

—_—

ACTIVE
ACTIVE

TACTIVE
L ACTIVE
ACTIVE
TACTIVE T T T
ACTIVE
ACTIVE

I ACTTIVE
ACTIVE

1

START

1 0.0 45,000 0.0
2 72.000 45,000 c.n
3 o 30,000 [AY
4 26,000 30,010 0.0
5 72.000 30,000 0.0
i 6 R - arals Eu B AT I ¢ R o W o
o7 72.000 15.000 0.0
R c.0 n.0 0.0 SUPPORT
] A, O Je 'l 0N SUPPCRT— —
10 72.000 0.n C.0 SUPPCORY
i
VMR R TN T DN TS TR E I E s /T UENG THE ===/ STATYS===/""""""~
MEMBER ENT LOCAL CNORD.,

72.000

CACTIVE

2h. nf‘o—
36.000
36,000
15,000
15.000

“KCTIVE

ACTIVE
KCTIVE
ACTIVE
ACTIVE

i
\’Om-bu)\-—‘

15,000
15.000
30.000
15.000

N

-t D

SNV W A NN e N D ) e
domuddowawdn

1
i

i 4

ECTIVE
ACTIVE
ACTIVE

¢ ACTIVE

15,000

B R e

TECYTVE



‘B

N I 20 S i A A B e e ey
: MENMRER TYPE/SFG SEG.L CCH4P AX AY A7 17
g 1 VERTABLF :
| 1 8.250 L c.192 0.0 0.0 0.158
! 2 55.500 L 0.501 0.0 0.0 0.371
§ 3 8750 T 0. 192 Te D 0.0 0. 15%
: 2 VARTABLF '
1 5.750 L r.112 . 0.C 0.0 0.055
2 25700707 0 421 0.0 0.0 TTULTBS
3 5.250 L 0.112 0.0 0.0 0.055
3 _ VARIABLF
I 5 0T T 0. 1172 0eD 0.0 TT0L05Y
2 23.750 L 0.421 0.C 0.0 0155
3 T 64?250 L 0.112 0.0 0.0 0.055
A VARTABUE . T
1 4.500 L 0.092 0.0 0.0 0.034
2 27.000 L 0.4n1 0.0 0.0 0.103
3 4500 L 0. 097 )] 0.0 N e
5 PRISMATIC 0.306 0.0 n.0 0.086
6 PRISMATIC 0.306 0.0 0.0 0.086
7 PRTSMATIC 07159 TN 0.0 0.0
8 PRISMATIC 0.159 0.0 . 0.0 0.041
9 PRISMATIC 0.159 0.0 0.0 N.041
I8 PRISYATIT 0,159 oL o0 0041
11 PRISMATIC 0.159 0.0 0.0 0.04]
- MEMBER DEPTH = o oo o o o e e e e -
; MEMBET Y DEPTH O EOTH T YT CENTRUT O "7 CERTROTT™
.
MEMBER CONSTANT S mom s e e e e e e e e e e e
CONSTANT STANDARD VALUE DOMA TN, VALUE MEMBER L IST
£ 4176000, 0NC000 ALL
( o
G N.0 ALL
>
DENSITY | 1.728000 ALL
CTE 1.000000 AL
BETA 0.0 ALL

'
e afs A N o ol ol Hoade ofe S Mol sttt A e ol ot ol ol ol ol o' s e W st sk v e de st e sk s e

¥ END 0F DATA F20M  INTERNAL STNFRAGE %

T e A S T e Y e R R T L e A A e A T S S e e A T T T T T T



LOACING LIST 3

A

TIME FCR OMODULE

STIFFNESS ANALYSIS

----- TTVE FLR MODOLF
TIME FCR MODULE
TIME ECR MODULES

T TIWEFTF TONUTCT
TIME FCP MODULF
TIVE FCR MODULT

[TvE FOR MODUTE
TIME FCR MODULE

STCOMP FOR 11 MEMBERS= 0.72 SECCNDS

STSTF FOR 1T HFMRERS = 0. 70 SECONDS

STHNDP FOR 4 LOADS= 2.83 SECCNDS

STASDD FOR 11 MEMRERS= 0.55 SECONDS ;
STIVOF FOR " TU JUINIS= 0.05 5FCUNDS i
STSLAP F2R NSCL= 7T 1S 1.13 SECONDS {
STR12S FOR 10 JCINTS FQUALS 0.05 SECONDS i
STRRGSTFOR IO JTINTS EQUATS 0L.22 STCONDS

STBKSE FOP 11 MEMBERS= 12.35 SECONDS

CTSTTURTY, FIFLES,

BEACTYONDS,

NTSPTATFHENTS




T A B RSB AR o n 5 -

Y

N TR

-
% X o o ¥eale sl Mot sl slrole P oo Mo ddr ot ot e ool S ole r!:‘
*RESULTS NF LATEST ANALYSES®
S T B B e P e O O B e (O P 2 -
FRCOLEM -~ M, EMG. TITLE - 3 STORY _ 2 BAY _ 36 FT SPe&N
ACTIVE UNITS FFET KIP PRAD  LCREGF SFC
LCTIVESTFUCTURE TYPE PUARNTE FRATE
ACYIVE CODRDINATE AXES X Y
LOADING — 3 D.L. + L.L.
T MEWPERT CFUROFS
MEMBER JOINT e e —————— FORCE —w-m—mmee MOMENT ——~-—-— / ]
B AXTBUTTT T SHEAR™ Y TTTTTRENDING 27
- i
1 1 39,9303158 57.4754639 418.7341309 :
I 2z =3YLTOINITHR S5Te 1243958 =H2TV 69523125
2 3 ~30,C484566 36.,5848082 179.4794922
2 4 39,94645066 35.415100C1 -158,4229969 '
3 & SRGYANER ST TR B 01003 T T8, &T07489TT T
3 5 34,1400044 26,3097992 ~189,.6244965
4 6 1.7368813 25,94515099 142 ,2464965
4 7 =1 TR IGTONGTEIR =1T46531793207
5 1 5T.4754£36 ~36,9393158 -418.,7341396
5 2 -57,4154639 39,9393158 -180,3555756
A 7 577726395?“‘““"“3979303158““°“f“‘“12776°53125“““f
6 5 ~57.7243°25¢ -39,9393158 171.3944855
L 7 4 71.1051788%8 -~5.8055735 -20.0467682
7 5) =TI VICSYTIRETTTTSTR0SGTES ‘ =ET 03ERBODT
8 5 Q4,0341797 5. 7984233 j 18.2299957
2 7 -Q4,0341767 -5.79843332 i 68, 7465210
Q 3 Q4,04602417 0.,0071403 ; 0.8760908
Q 8 -94,0602417 -0.0071403 f -0.6618818
10 [ T7T. NS035 ST YOG4 TEA =y T T A Y
10 9 -1N07.,0503¢92 Te 5424565 -37.8271942
11 7 130.0883287 7.5353155 j 75.5728149
11 10

-120.08892A32 -7.5352155 37.4569397




RESULTANT JOIMNTLCADS "=""SUvp

ORTS

JOINT [ e FORCE ———-- e T T — /
X FORCE Y FORCF I NMONENY T T

8 -0.,0C71403 G4 ,0602417 -0.6618818
g Te R4 72G565 107050356973 | =37, BZ71942

10 -7.5353155 120.0889282 ! 37.4569397
RESULTANT JOINT LCANS — FREE JOINTS §
i
JOTNT S FORCE =-=— I /7
X FORCE Y FNORCE ! 7 MOMENT ;

1 0.CC00000 0.000"000 0.0000000
? -0.00000N00 0.0000000 . -0.0000000
3 =0y NCOoNAN 0TI T O T NNN0000 TR0V 0000000
4 -0.0M00000 0.0N0C000 ! -0.0000000
5 0.000NNCQO -0,0000000 ! 0.0000000
6H Y (nTgrQnr [P SRS 1ATRARY 018 | 0. 0000000 e

7 0.0C00700 0.0000000 {

-0.000C000

|

RESULTANT JOINT DISPLACENENTS =  SUPPORTS
——— i [ -
JOINT [ e e DISPLACFMENT S ettt /
L X DISP, Y DISP. ! 7 ROT,
l .
! 0.0 0.0 2 0.0
9 000 0-0 | 000
10 0.0 0.0 : 0.0 L
( | -
d RESULTANT JOINT DISPLACENMENTS -~ FREF JOINTS ‘
N . —
>
JOTINT L p————— STDTSPUACEMENY "= eoontl ool Dy
X NISP. Y DISP,. ' z ROT.
1 . 00710272¢ =N 004G T51 . SO 00 E3IS
2 0.0002215 ~0.0057208 3 0.0047991
3 -0, 0N15240Q -0.0042417 | 0.C001346
& SOTORCA2 10 TSN 004D 1T YT T T T 0L 0004160
5 0. 0Nn0e31 1} ~-0.0N50534 g -0.0005425
6 -0.0000754 -0.0N24137 ! -0.0016399

RN T T TR T REEY

O OCYERTRT



: JOINT fmm s e DISPLACEMENT ———-iee /
X orse, Y DTISP. ; 7 RUT,
. ] 0.002102¢8 -0.0049161 f ~0.0048335
; 2 (Pl LA 1) i S =0U0C57308 : o cﬁz7§6T‘““*
3 -0.0019249 ~0.C042417 ; 0.00013
4 -0.00C4210 ~0.0N40170 ! 0. 0004160
5 O 0DTo3T] =0, TO5053% i -0 (»00‘7;‘?‘5*’“‘
6 ~0.0000754 -0.0024137 f -0.00163 |
7 =-0,0N00144]1 ~0.0n29232 , 0.0016676
| 5 |
LOADING -~ 4 Dele + Lol. + Y.L, !
T T VEMRER T FORCES : ‘“
!
1 f
MEMBER  JOINT f o e = FORCF e e e /
. - AXTAL SHEAR™ Y "”“““‘e&Mnhm“Z“““*f
1 1 41.9665527 5645171561 384,1315918 é
P 7 SHTTIGES ST SHTER2ER3S \ =H6Z 0895906
" 2 -27.5287]154 34.1058f07 : 130.185913]
? 4 27.5289154 7. 8940420 , ~-198.372¢703 ,
S & SR2070GIININT T T A0690 3 T I3YTesedaenTT T
3 5 29.6931030 38.8392334 , -241.2729950 ‘
4 6 3.N630112 32.0295410 . 70.8450317
g 7 =3 TEITTTY 39VITNRG T 213779663
L5 1 56,5171661 =37.4665527 -384,13150]§
.5 3 -56,5171651 37.4665527 ! -177.866R213 |
o 7 SRVEB2ETINT T4 JOE6SS T g 462708950946
LIS 5 ~58, £824535 ~41.9665527 : 167.40R5693
T 4 71,0546875 2.46417232 ' 59.3121338
A 6 =7 I TS S =2 HEETT TS 22734951787
[ 5 97.5219249 11.9734564 73.86444009
& 7 -97.52192569 -11.9734504 : 10547374115
T e e g (0 6230 AR ] T A B R 6 — TATT68083197 7
9 8 -9C, £230621 ~3,5623655 ' 59.1901398
10 6 113.0842438 -0,5988379 ~48.4954987
Y G =103TTRG 26758 U SOAB3TS 39 BI04 T
11 7 137.4923096 15.0364685 108,06422363
11 16 ~137.492309¢6 -15.0364685 117.5047455




—~

"LIST FCRCE ENVELOPE MEMETR 1 SECTION DS 9. 2.0




\l

A

i:l\ﬁt,l.s';_‘_:l'-b’!~: PR IR R R

*RESULTS DF LATEST ANALYSVQ

SR TSR POR SIS W ST S ORI e K

PRCBLEM ~ M, ENG. TITLE - 3 STORY

Y _ 36 FT SPAN

ACTIVE UNITS FEET KIP RAD DEGF SEC

AUTTIVE STFUCTUP TS TYVPE PLAN® FRAME

ACTIVE COORDINATE AXES X Y

INTERNAT FEVRESL REIULTS

MEMBER FORCE ENVELCPE

MEMBER 1-
DISTANCF [ e m————— -~ FORCE ==--- ~~n;~—-- MOMENT = m e
FROM START AXTAL Y SHEAR 7 BENDING
c.0 -36,939315% -57.4754629 -418.7325102
=3TTUG393THE =HTVHIBEL3Y =41B.73729102
2.C00 -36,936315% ~5442754669 ~306.9825660
| -36,5393158 -54,2754669 ~306.9826660
;\—’ §7CTC —3?7?39313ﬁ““‘=ﬁT7075ﬁ70ﬂ‘“"L”*:20176?f6U5o
; ~36,030315]8 ~51.,0754700 ~201.630645¢
i €.0C0 '~ -2g,G2a2]¢&8 -47.8754578 ~102.6799927
| -36,9393148 -47,8754578 ~102.6799527
L f.,0C0 -36.6393168 -44,6755219 -10.129321¢
‘ -3¢,9302158 ~44,6755219 -10,1293316
e N P ¢ ¢l Y-pulcl L1 I =TS W L P 2 76‘67“3{65“”““‘“‘”
~36.630316§ -4),4755249 76.0213165 )
12.0CC -3¢,63931¢8 -38.2755280 155.7719879



% .
-35.53923158 -35.0755210 229.12397.77
T TETCCé =36.93293158 =318 755341 ;_*__296707456?9_ T
—-36.9203168 -31.8755341 ‘ ; 2960744625
18.0C0 -36.93931%"8 —-28.6755219 ' " 356.6252441
—=35.93837158 =206 755219 ‘ 35675?5211’“——_;;f'a
; 2C.0C0 =-36.9293158 =25.4755249 . 41C.7756348
g -39.,9363158 —~25.4755249 5 410.7756348
§ 22.0Cn =36 6393158 =27.2755280 | 458?5263372*”—__;””:
-3¢,9393158 -22.27¢5280 | 458.5263672 _:
24.0CC -3%.635315¢8 ~19.0755310 499,8771973
=2T,.9373158 =19.075521D : 499,8771973 T o
2€.0Cn ~3€.93921658 =15.8755350 ' 534.8291016
~26.,9393158 =-15.8755350 534.8291016 é
2870en = S.9303158“‘“”21?76755342"“““f“’“€6373798828” _""{
‘\; ~36,%392159 '~1?.6755362 | 563,.,37%8828 é
20.0C0 -36,4939314%8 ~9.4755244 585.53173832 !
; -36,939315¢%¢ ~0.4755344 - 585ﬂ§317§3?_ o §
?( 32500T =3CTY3TITILR =E.2755745 : 601.7?8‘()‘5'176‘“”‘"‘”‘”“"”‘“f§
-39.939315" =6.72755346 ? 601.2805176 |
> 34700C =3%.9393158 =3 0755347 610,6211035
-39.9393153 ~3.,0755347 610.6311035 T
36.000 T =36.6393158 0.1244€648 613.583252¢C
=30.5393157 01244043 613.583252C
B »_rwzﬂipoﬂ =36.9393158 3.3244648 ’~“E}0,1337891 N
-39.93§3158 3.3244648 ? 610.1337891 g
GTMOT =3GT93923158 6TS2HEIFY ‘ 50T 28SGH4S T
-3G.939215¢8 6.52442321 ! 600.2856445 Dj
42.CCC ~35$,9393158 S 7244329 ! 584.0371C094 ‘
=39S 393T5E QTTTEE 3?2 : 58471537@'9‘4 -
44.00C -36.539315R 12.9244328 f 561.3881836
! -36.,930215¢ 12.9244328 f 561.2881834




532 32O TR

45.TCU P ECES R 1671206207 !
-36.5393158 16.12442072 | 53243391112
48.000 -35.5393158 1943244324 496,8906250
] TS VEISATS s T TIITIZ4432% : 4968906250 -
5C.0Cn -3%.939315¢ 22.5244293 ; 455.0415039
-3%.8393158 22.5244293 {  455.0415039
SZTuTT =EETS3O3THE 25T 2HEY T . t 4067268
-36.6393158 25.7244110 ; 406.7929687
54.00C ~39.93931¢8 28.9244080 5 352.142798¢
~— -.’;“2._."9'3‘7:‘11'?1 28« FZ25T°ED ; 352.143798%8 ;
5¢.CCO =-36.9293153 32.1244049 ; 291.0952148 |
-36.,939315¢% 22.1244049 291.0952148- %
( 5£.0CC ~36.5393155 35.3244171 ; 223.06464844 é
L =39.9293158 3543244171 { 223.6464844 %
| ( 6C.000 -36.,9393]1¢3 38.524414] 149.,7975616 %
- RERTERCS I-T- S Iy P78 ) 14907975616 —
62.000 -39.9393158 41.7244110

TTTTTTTeA 0T

~39.6393158 4147244110

i
69.5487213 g
"

69.5487213

=39.9303 158 T TG 9 441ED

-26.639315¢ 44,9244C8N

SITITOCng e T

=17.1000824

.....

=39,093923158 5777 243955

|
{

66.C00 -35,9393] 59 48.1264049 -110.1488190
4397n$9315q**““"ws:17nwv49“”‘ TTTTTTEI0TI48E 90 T
68.000 -39.5393158 51.3244019 ~209.5975647
-3¢.939315# 51.3244019 E ~209.5975647
T 0 00 S3GT93YRL5R T TS 4 524398 : BELETEIIEE wh
-36.9393158 54.5243988 ‘ ~315.446289]
72.0¢0 ~3¢.9393158 57.7243558 | ~427.6953125

T TEZTI69531257 T T
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EXAMPLE No. 1

Results of FIRST APPROXIMATION for ( DL+LL ) Moments




3

[ HEFEER PROPERTICS AETSE T T

COLUMNS 7 70 11 14WFTR81436), ©9=4CNK(15),

3

$ COLUMNS 57878 ¢ T4WFISO(AZ47_46RSIT, P =

TO 11 AX 22.94 17 851.2

5¢ 6 AX 44,08 17 1784.0

MEMBER PFOPERTIES VAR IABLF

1029K({15")

P=2358K(20)

§ A STORY T2 HAY (T AGFT L SPANTY, (IS — 20% COLS. ) W=2K/FT
$ BEAM FOP PRISM. SFCTION @ 33WF112(A36), $=358,3
$ SR=1.115 | |
$ FIFST“A%?ROXTHITICN
$ BEAM WITH CCYP, SEC., = 27WC94(A36); $=242.8
1

TTUSEGTT AN Y TR 2T RS T I35G P2 N N e B

CONSTANTS E 29000, AL

U SEG 2 AXY 72,15 17 7697°.3 L 6£56.0
$ EFAM FOP DRISH; SECTION = 21WF62(A26), S=126.4 ;
$ BEAM WITH CRMP, SEC. : 21WESS(A26), S=100.7 %

L $ SE=0THZT R SP3 = 0.956 ;

, , i

( SFG T AX 18,18 17 T1&ar. T 1 A0,A

_SEG 2 AX 60,68 17 3278,2 L 301.0
SEG 3 AX 16,18 12 1140.7 L 71.0
3
_SEC 1 AX 16418 TZ 1140.7 L 71.0 ) L
SFG 2 AX 60.68 17 3208.0 L 269,0

B L Y S8 V-7 L RS 200 B R7¥ o At - e

| % _BEAM FOP PRISM. SECTION 1 2IWFS5(A36), S=1109.7
$  PEAM R4 WITH COMP, SEC. :  18WIr45(A36), S$=7R8.9

4
SEG 1 AND 3 AX 13.24 17 704.5 L 61.0
SEGC 2 AX 57.74 17 2130.4 SLo310.0



TGS B s N

I

o o e o e e ok ol o' Soat e otk ot e Sl ol Sleslo e dln

HRESULTS OF LATEST ANALYSES*

e o Fe Fo el s i slovene i ol Re el o B sk S dle g st e dlo e

PRORLFM - M. ENG. TITLE - 3 STORY _ 2 BAY _ SPAN
ACTIVF UNITS FELCT KIP RAD C[CEGF SEC ;
i
ACTYVE S TP hCTUeE TV P PUANE  FRAVE ==
BCTIVE CONRDINATE AXES X Y j
LOADING - 3 Cele + L.l ?
FEVEER FNORCES i ’ o |
f
MENMBER JOINT [ = FORCE s e e e e
- AXTALC TTUTTTSHEATY Y BENDING Z
1 390.9487767 57 45H65527 418.7080078
? B LISy 3y ) TTTRYTYR YOS T <428, 3103027
3 ~39,041426° 36,5602790 179.8940735
4 20,94142648 15,4395447 -159.7184143
4" BT/ I AT Y N V7 LAy (% 2 1% S I £5 DO ¥ 1 3 2
5 34,1R28649¢4 36.2575684 -188.4543304
6 1.829R8130 35.9260559 142.5598297
r I SZERITNTT T T Y%L 0739575 STHS2194061
5 1 57.4CE5R27 -29,9487762 -418.7080078
5 3 -57.4665527 29,9487762 -180.5234985
& 2 B Sy & eV 2o I 2R (< D=1 iy 0 T8 3103027 T
6 5 -57.733291¢ -39,9487762 170.9213257
7 4 71.181860% ~5.7575741 -19,4627838
7 6 =TV 8THAgS LAY SO ~66,90083731
8 5 93,GGCRANC 5.7649059 17.5330048
p 7 -93,960RANC -5.7649059 68.9405823
9 3 94.N26931 R -N.,NCT37215 0.6293717
) 8 -94,0260218 N.ON73315 T -0,8493174
10 6 107,10792954% ~7.5873861 ~75.6590424
10 9 -1n7.,107925¢4 7.5873861 -38,1517792
1) 7 130.06474730 7.59471R0 76.2789001
11 1C -130.064743C 37.6419067

-7.5947180



RESULTS OF COMPUTER PROGRAMS
FOR

EXAMPLE No. 2

I Section Properties and Results for

FIRST APPROXIMATION

II Section Properties-and Results for

EXACT SOLUTIONS



Section Properties and Results for

FIRST APPROXIMATION

155




3 FIRST APPCPOXIMATICN

SEC 2 AX

TS

6C.68

17 3208.0

L ?.19800

1
SEC T BX 16.18 17 114747 58.¢C
SEG 2 AX 60.63 12 32CR.0 273.5
SEC 2 AX 16.18 17 114C.7 52,5

3
SFG 1 AX 16.18 17 1140.7 58,5
SEG 2 BX 60.68 1Z 3202,0 273.5 |
Y SRR Y N A B TP 7HTC §
SFC 1 AX 16418 12 1140.7 4n,c E
O e R T UL P 26T ?
SEGC 3 AX 16.1% 17 114C.7 58.5 §

BB e w3 Gun ¥ 3 - M /20 I 7 |

SEC 2 AX 60.68 17 3208.0 L 261.5 |
SEG 2 AX 16.18 17 1140.7 L 40.0

>
SEG 1 AND 3 AX 16418 12 1140.7 L 5640

1T CONSTANTSTRF T RO000 T ALt



L LCADING - 4 Pele + L.L.
MEMBER FORCES
/- .
MEVBEP  JCINT = [ mmmmm e mmmm e FORCE ———— oo e /
AXTAT SHEARTY BENDTNG 27
1 | 13.8136129 41 .,4298096 89.1765747
T 2 ~13.813612%¢ 48.5700531 -1%6,2788239
2 . 2 12.373374¢ 44,9912720 186.6124115
y 3 ~12.3723749 45,0086517 -186.8726654 |
3 3 12,6240773 48,5834503 195.3469086 |
3 4 ~-12,6249723 41.4163971 -87.8398285
4 5 -7.9225304 42.6722717 122.8736572
A 3 T I3 IOL T T T4 I6TET -1972.70%90372
5 6 -6.8C61323 44 ,9734802 182.207C0770 !
5 7 6.8061323 45,02646475 -183.0010681
6 7 =7 ROGT3Y GT 3T 7107 191.4018725G6°
6 8 7.8002337 42,68771356 -122.0344086
7 ] 41.4298C06 -13.81356129 -89.1765747 |
7 3 =4) ., 4758096 T 13.R12¢612¢ T -T76.5968072 T
8 2 93.5612098 1.4402309 9.6664314 |
P 6 -93,5£13NG¢ ~1.44023¢3 T.6164474 j
g 3 STV IS I X8 A A A A LY LT
) 7 -Q2,50205472 1.2515974 ~6.5449162
10 4 41.,41¢3971 13.6249723 " 87.8398285
0 8 TTTREYVAVERSTT T TR 6247123 TTTT5.6597595 7
1] 5 R4.,1CP20508 -5,8210778 -46.2868958
11 9 -84,1020508 5.8810778 -24,2B60718
17 3 185 9€¢€7476F 0. 37382 09] 2.8ROG150
17 1C ~-1RS, 86242608 -0.313829] 0.8856546
13 7 185.9207404 ~0.,2484541 ~1.8558426
| R U S 1 D A e Vo /Yo VA D V¥ VA PR S D b YN Y- Y - I
14 8 . B4.1C41107 5.8157329 4643746490
14 12 -84.,1041107 -5.8157319 22.4141693
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MEMEER

PRUPERTIES PRISH

$  CCLUFRS 74 10y 11y 14 : 124dF56(A35), P=30zK(12'), BX=0.218, S=73.1
7, 1C, 11, i4 AX 1%.05 17 476.1
$  CCLUMNS 8y G, 125 13 : 12KFS50(A36), P=236K(12'), BX=0.227,y S=64.7
8y Sy 12, 13 AX l4.71 17 394.5 -
$ Z STORY _ 3 BAY ( 30' SPAN J( 12' _ 12 COLS ) W=3K/FT{ LL/DL=2 )
$  BEAMS FOR PRISM. SECTIONS : 21WF68(A36), $=139.9
$  BEAMS WITH COMP. SECTICN @ 2IWF55(A361, S=109.7
$ SRl = 0.371 ;
$ SRz = 0.3C75 g

{EMEER PROPERTIES VARIABLE

1
SEG 1 AX 16.18 1Z 1140.7 L 30.0 g
SEGC Z AX 60.66 1 3208.0 L 273.0 F
SEG 2 AX 16.18 17 1140.7 L 57.0

3
SEC 1 AX 16.16 1z 1140.7 L 57.0
SEG 2 AX 60.68 12 3208.0 L 273.0 ) L
SEG 32 AX 16.18 1Z 1140.7 L 30.0 |

— .
SEG 1 AX 16,18 12 1140.7 L 57.0
SEG 2 AX 60.68 12 3208.0 L 246.0 |
SEG 3 AX 16.18 1Z 1140.7 L 57.0 |

4 _
SEG 1 AX 16.18 12 1140.7 L 39.0 |
SEGC z AKX 60.68 1Z 3206.0 L 264.0 |

_SEG 2 AX 16418 1z 1140.7 L 57.0

6
SEG 1 AX 16.16 12 1140.7 L 37.0
SEG 2 _AX 60.68 11 3208.0 L 264.0 B
SEG 3 AX 16.18 1Z 1140.7 - L 39.0

CONSTANTS E

290CC.

ALL



] LCACING - 4 DeL. + Lol
MEVMBER FORCES i
MEMBER JOINT e e FORCE === = e
AXTAL SHEAR Y BENDING Z :
. H
1 1 13.8160267 41.4401550 89.1950684
1 2 ~13.81¢60267 48.,5597076 -195.9873199
2 , 2 12.3913670 44,5301025 186.4191589
2 3 -12.3913670 45,0158059 -187.0143280
3 3 13.62E87460 48,5526705 195. 3967438
3 4 -13.6287460 41.4169922 -87.9073181
_ 4 5 -7.9379492 42.6817780 122.8696594 |
4 6 7.9376492 4 7.31806847 -192.4134979 i
5 6 ~6.8214445 44,5618073 182.0560760 :
5 7 6.8214445 45,03%81165 ~-183.2004089 ]
6 7 -7.8155749 47.3166650 YoT 4557695
6 8 7.81$6249 42.6831¢€18 -121.,9528198 |
1 o __41.44C1550 -13.,81606267 -89.1950684
« 7 s T Y S 27 o 111V - T B Y0 171 % A ¢ e b D
! 8 2 93.5368102 1.4246569 9.5601295
{ 8 6 ~-93,53631G2 ~1.4246569 7.5277491 |
9 3 $3.6020764 =1.723737672° S L VN
! ] 7 -93,602567064 1.2372762 ~6.4661350
1o 4 41.4169622 13.628746C 87.6073181
N 1Y) 8 ~4 L 4 1€9922 T RIBVE2ETL6CT T T T IS 6375407
11 5 84.1219330 ~-5.8780775 ~46,2724609
11 S -84.,1219230 5.8780775 ~24.2644501
12 o 185.8166669 0. 3C8153C VIV
12 10 -185.8196369 -0.3081530 0.8681933
i 13 7 , 185.9574890 ~0.2391943 ~-1.7892370 ,
13 AL T T8, 95748907 T T TI3919E S TTTRIVesYIY TS T T
14 8 84.10CL129 5.8091202 46.,3153076
14 12 ~-84,1001129 -5.8091202 23.3941193

|
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SAMPLE CALCULATION NO.

SECTION PROPERTIES

162

n
¥ 80 " 2
5!1 _ l
1 27.65 in?
26.91" R .
27WF94 § = 3266.7 in
, - d = 26.91 in.
S = 242.8 inS>
Trans. Moment Moment
Element IO
Area Arm of Area
Slab 44.5 2.5 111.2 g2.
WI 27.65 18.455 510.0 3266.7
72.15 621.2 3359.3

= Io + Ay

2= 3359.3 + 4340.0

7699.3 in4
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SAMPLE CALCULATION NO. IT

“EXAMPLE 1

" Ultimate Strength ~ of * Beam Bl

| 80" —ﬁ

" | _r—‘_—“EE¥T¢~C
18.45" e
X 26.91" |Fe——27WF94 ha =1 l
- e
Assume Fy = 36 ksi f'c = 3 ksi Steel Section:27WF94
AsFy = 27.65(36) = 995 kip As = 27.65
d = 26.91
AsFy 995 w = 0.490
a = = = 4,875 in. b= 9.99
0.85bf'c 0.85(80) 3 t = 0.747

This is Case I (See Sec. 3-4)
c = 0.85f'c(b)a = 0.85(3)80(4.875) = 995 kip
Determine moment arm - e

e = 18.455 - 4.875/2 = 16.0175 in.

Using Eg. (3.1l5e):

Mu = Te = 995(16.0175) = 15,930 kip-in.

Total Design Moment = 613.58 kip--ft = 7355 kip-in.

Factor of Safety = 15,930/7355 = 2.17




SAMPLE CALCULATION NO
EXAMPLE No. 2

164

. II1I

" Ultimate Strength of Beams Bl to B6

| I

L 80" "l
_71J . , i
21.80" - 21WF55

i

Assume Fy 36 ksi f'c = 3 ksi

15.40"

= N

T

}““‘“’E¥T*>-c
]

Steel Section:21WF55

n=29 As = 16.18 in.
AsFy = 16.18(36) = 583 kip d = 20.80 in.
AsFy 583
a = = = 2.86 in.
0.85bf'c 0.85(3)80

This is Case I (Sec. 3-4)

c =T = 0.85f"'c(a) = 583 kip

Determine moment arm - e:

e =d/2 +t - a/2 =10.40 + 5 - 1.43 = 13,97 in.

Using Egq. (3.l5e):
Mu = Te = 583(13.97) = 8150
Total Design Moment = 197.93 kip-ft

Factor of Safety = 8150/2375 = 3.43

kip--in.

= 2375 kip-in.

2
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SAMPLE CALCULATION NO. IV

" EXAMPLE NO. 1

" Design of Shear Connectors for Eeam Bl

| go"

T

26.91" ——27WF94

I

Steel Section: 27WF94; As = 27.65 in.; Fy = 36 ksi

Concrete Strength f'c = 3 ksi

Using Eg. (3.6) & (3.7):

Vh 0.85f'cAc = 0.85(3)80(5) = 1020 kips

Vh = AsFy = 27.65(36) = 995 kips

the Steel Section controls.
Use 3/4 in. diameter stud connector.

Allowable Shear Load q = 1l.5 kip per connector (Table 3-1)
Using Eg. (3.9) the number of connectors required:
Vh 995

N = = = 86.5 connectors
q 11.5

Use 87 3/4 diameter stud connectors.
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SAMPLE CALCULATION NO. V

L
w
Ml(}llllllllllllllll)Mr w=3k/ft
: Ry Mespry R, 1=30 ft.
Non-composite Deflection: Steel Section: 21WF68
M; = 1453.0 kip-in. I, = 1478.3 in.4
M_ = 3065.0 kip-in. E = 30 x 10° psi
Using Eg. (3.14):
w (%) 4Ms 4M31 12Mrx
Dy = ——- |:x3—(2L+—-—-—— ) x2+ + L
24EX wL wL w
S 8MpL - 4M3L
]
Substituting in the given déta,
Ay, = 0.551 in.
Composite Deflection: Steel Section: 21WF55
M] = 1070.0 kip-in. Ic = 3208.0 in.?
M, = 2345.0 kip-in. E = 30 x 10° psi

Substitute Ml,Mr, w,%,L, into Eq. 3.14;

A, = 0.291 in.

R AR Y S T
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