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ABSTRACT

‘ A two-storey 3 bay'x 3 bay, 1/12 scale, perspex flat slab model
was tested under a one-bay uniformly distributed load, which was applied
successively to the various bays. The load was applied using a rubber
air bag. The moments induced in the model were measured b& electrical
resistance type strain gages and the deflections by dial gages,

By aﬁalysis of the ekperimental results, and comparing them
with the ACI 318-71 Direct Design Method, the following conclusions

were obtained:

The total static moment given by the ACI 318-71 Direct Design
Method is accurate for all practical purposes. Thé width of the column
strip specifiéd by the ACI Code in Clause 13.1.2 of 0.25 22 but not
greater than 0.25 21 results in too great a concentration of negative
moment in the column strip. This concentration of moment in the column
strip is even less justified for the positive moment where the column
strip moment/unit width and the middle strip moments/unit width are of
approximately equal magnitude. The effect of the concentration of positive
moment in the column strip together with aforementioned restriction of the
width of the column strip results in middle strip design positive moments
25% less than those measured. The provision "13.3.4.6" that a design
moment may be adjusted by up to 10% provided that the total static moment
is not'less than requifed should be changed by eliminating the 10% limit.
It is recommended that adjustment be applied to the negative moment only.
The provisions for the effects of pattern loading "13.3.6" are insufficient.
The limitation of live load to dead load ratios stated in "13.3.1.5" re-
sults in a possibility of developing negative moments in or near ﬁid

span of interior panels.
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CHAPTER 1

INTRODUCTION

Reinforced concrete flat slabs are a near ideal structural
element from the viewpoints of formwork design and fabrication, ease
and speed of construction, flexibility of use of space enclosed,
aesthetics and fire protections. Because of these inherent advantages
reinforced concrete flat slabs are the preferred type of design for
low to medium rise apartment buildings, office buildings and ware~

houses.

A flat slab is basically a multi-bay reinforced concrete slab
carried directly by columns. However, the term flat slab can also be
taken to include slabs which are thickened in the vieinity of the
columns by either column capitals and/or drop panels. A close
relative of the flat slab is a slab with beams along the column lines.
Waffle slabs are simply flat slabs with concrete omitted  from. some

regions where the concrete would be in tension.

The reinforced concrete flat slab was first used by Turner

*
in 1906 (72) for the C. A. Bovey Building in Minneapolis.

The popularity of this "slab without beams" increased
rapidly over the years such that over a 1000 examples are known to

have been built by 1913.

*
All numbers in parenthesis refer to a reference number in the Lis
of References.
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The advent of the flat slab marked a transition from planar

structures composed of two diﬁensional elements to monolithi; structures
composed of elements whose behaviour was mostly more difficult to under-
stand. The design of early flat slabs was largely intuitive and empiri-
cal in nature and relied, successfully, on the understandiné of the be-
haviour of this form of construction by their builders. The first
comprehensive s#udy on flat slabs was published by Westergaard and

Slater in 1921 (78).

In 1920 the ACI (American Concreté Institute) Comm%ttee on
Reinforced Concrete and Building Laws (9) attemptea to provide guidance
on the design of flat slabs by providing a design method. Since the
development'5% the flat slab was practical in nature the design
equations provided to obtain design moments were empirical and even
violated the principles of statics. This was due to intuitive use,
perhaps understanding, of the concepts of moment redistribution, the
necessity to develop a mechanism for collapse to occur, and the pro-

bability of all bays or floors being loaded simultaneously.

Even though modifications were made to the code formulae
over the years, as recently as 1963 the Building Code Requirements of
the ACI (ACI 318-63) contained provisions for the design of flat slabs

that were empirical in nature.

In the years 1956 through 1969 Sozen, the PCA and others
engaged in a major research program into the behaviour of flat slab
type structures. This work, together with the improved understanding

of the behaviour of structures resulted in a complete revision of  the

e T




code provision of the design of flat slabs in the 1971 version of the

Building Code Requirements of the ACI (ACI 318-71).

ACI 318-71 describes two procedures for the design of
'multiple slab systems', namely the Direct Design Method (DDM) which
is restricted to slabs which satisfy certain criteria, and the

Equivalent Frame Method (EFM).




1.1 OBJECT AND SCOPE OF INVESTIGATION

The basic object of this investigation was to determine the
validity of some of the clauses used by the ACI 318-71, for the design
of slab systems with multiple square or rectangular panels, namely:
13.1.2, 13.1.3, 13.3.2.1 through 13.3.4.3, 13.3.4.5, 13.3.4.6 and

13.3.6.

A furfher clause which it was thought might cause difficulties

with the Direct Design Method was 13.3.1.5..

This investigation consisted of an indirect model test of a
two storey 3 bay x 3 bay perspex.flat plate model:under a one bay
uniformly distributed load, for each storey, which was applied succes-
sively to the various bays. The momenté induced in the model were
measured by elecfric resistance type strain gauges and the deflections

by dial gauges.
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CHAPTER 2

AN OUTLINE OF THE FLAT SLAB PROBLEM

2.1 TYPES OF REINFORCED CONCRETE SLABS

Slabs. are classified by the way they are supported. Those
slabs which are supported such that they essentially carry load in
only one direction are known as one-way slabs. Those slabs which
are supported by supports which permit the slab to carry the load

%
in two orthogonal directions are classified as two-way slabs.

1. One-way slabs

The structural action of the slab is essentially one-way,
and the slab can be treated as a rectangular beam of comparatively
large ratio of width to depth, this large ratio results in shear
stresses that are less important in one-way slabs than in beams.
Transverse steel is needed to care for shrinkage stresses, temperature
stresses and to assist in distributing concentrated loads. Some of

the most common examples of the one-way slabs are shown in Figure 2.1.

2. Two-way slabs
The structural action of the slab is in two directions. The
usual two-way slab is square or rectangular with the ratio of long

span to short span less than two. To improve performance and economy,

*
Up to the current ACI Building Code requirements (ACI 318-71) a "two-
way' was used to designate a slab system with beams in both directions
(72).




two-way slabs may be stiffened by the addition of beams between columns,
thickening of the slab in the vicinity of the column (drop panels), or
by the flaring of the column cross section directly under the slab

(column capital).

Figure 2.2d shows an example of a slab with beams (formerly
two-way slab). -The slab may rest on reinforced concrete or steel beams

or on walls.

Figure 2.2a shows an example of a slab without beams
(formerly flat slab). The slab is supported directly on the column
which may have capitals and the slab may have drop ‘panels, the capital
can be hidden@in the columns and the drop panels in the slab by in-
creasing cross-sectional dimensions of tﬁe column to include the
capital and makiﬁg the slab thicker to include the drop panels. The
resulting structure is another type of slab without beams (formerly

flat plate) (Figure 2.2b,c).

3. Irregular slabs
The supports of the slab are random in size and location

and the slab systems may exhibit both one-way and two-way behavior.




2.2 ADVANTAGES OF FLAT SLAB FLOORS

Since formwork represents over half the cost of reinforced

concrete slabs, economy of formwork often means over—all economy.

For heavy live loads, that is, over 100 psf; flat slabs
have long been recognized as the most economical type of construction

(67).

Due to lack of need for beams the storey height can be
reduced, the ceiling is smooth, and there is more flexibility of

adjusting column locations to fit the room arrangements. Owing to

the lack of sharp corners, the flat slab floor is better able to resist
continued eprsure to fire than the beam and girder floor. (It has been

found by experience that the worst damage caused to reinforced concrete

by severe fires has occurred at places where there may be spalling,

i.e., at exposed edges and sharp corners).

Automatic-sprinkler protection may be made more complete
under a flat slab floor, since the nozzles may be placed well up near
the under side of the slab without obstruction to the path of the

spray.

More light may be admitted into the building if desired, by
placing the wall beams above the floor level and thus allowing the
windows to be extended to under side of the &lab. The absence of
deep beams and girders also removes the obstruction to the passage

of light within the building.

During construction the opportunity for inspecting the




position of the reinforcement is excellent, and the conditions attending
deposition and placing of the concrete are favorable to receiving uni-

formity and soundness in the concrete.
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2.3 HISTORICAL DEVELOPMENT OF FLAT SLAB DESIGN

When studying the historical development of flat slab design

it can be divided into two main areas:

1. Development of working-stress design methods énd theories.

2. Development of ultimate-strength design methods and theories.

Although the two areas overlap, it is worthwhile to treat
them independently, rather than present them as one.

H il
Jo A L

2.3.1 WORKING-STRESS DESIGN

In-iQOS, Turner received a patent for a 'mushroom' slab,
that is, a slab sppported directly by columns with no beams spanning
between columns. In 1906 Turner built the first flat slab in
Minneapolis but, since there was no rigorous mathematical'basis for

the design, a performance:load test was required (78). While the early

proof tests were not adequate to form a basis for design recommendations,

suffice it to state that, using load tests, Turner's flat slab and the
similar slabs of many of his competitors were deemed satisfactory.

For almost 15 years following its introduction, the flat slab was the
subject of considerable controversy amongst the engineering profession.
A comparison of the differences of opinion on the design of flat slabs

was illustrated by McMillan in 1910. (25,63).

In this comparison (Figure 2.3) McMillan indicated the amount

of reinforcement required by various design procedures in a 20 x 20 ft

- RESEETR
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interior panel of an 8 in. thick flat slab, intended to.carry 200 1b
per sq ft. It can be seen that the weight of steel required could
vary by 400 percent depending on the design method chosen.

In 1910, Lord made one of the earlieét investigations into
the behavior of flat slabs by testing a full scale building .slab (The

Deere and Webber Building) in Minneapolis, Minnesota (62). Unfortunately,

misinterpretation of the test data did little toward resolving the mystery

of flat slabs.

By 1913, over 1000 flat slab buildings had been built around
the world.

In 1914 Nichols presented a simple straightforward analysis
of flat slabs (65). He considered the equilibrium conditions of one
rectangular ﬁaﬁel of a plate having an infinite number of identical
uniformly loaded panels and suggested that the absolute sum of positive
(MA) and neéative (ME) momeﬁts should add to the total static moment Mo'
Thus,

=M = VL -
My iy =2, = -0

where W was the total load on the panel and L was the length of span
in the direction moments are being determined.

Equation (2-1) does not indicate the relative magnitude of
the positive and negative moments. For an interior panel of a flat slab
with a round column (or column capital) and with the assumptibn that the
reaction is distributed uniformly around the column capital (ignoring
the twisting moments between the slab and the capital) Equation (2-1)

becomes

- WL., 4c L3 a_
M, = gl o T3] (2-2)

where c was the size of rectangular or equivalent rectangular column,

capital or bracket, measured in the direction in which moments are being

determined.




-

-~ 12 -

Nichols then suggested that the above equation could be

approximated to:

LWL _ 2e)2
M, =51 -3 (2-3)

Nichol's analysis was not accepted since the theoretical\findings did

not agree with practical experience and (misinterpreted) test results (74).

This lack of agreement added to the existing confusion.
Journals became a battleground of varying opinions, with very little
addition to engineering knowledge. Many theories were put forward to
explain differences between Nichol's analysis and the experimental
results. Somg of these theories were entirely erroneous, while others

contained only a portion of the truth.

Most of the reasons for this lack of agreement are now

recognized. The major ones are:

a) Some of the moment was carried by the concrete in tension.

b) Twisting moments in the vicinity of the column were
neglected.

¢) Arch action existed, which increased the compressive
stresses and decreased the tensile stresses in a flat slab.

d) The average steel strain over the gage length was measured
and this is iess than the strain in the steel for the
section through a crack, and

e) The effect of adjacent unloaded panels was ignored in
estimating the moment capacity and the factor of safety

of a slab. (For example, the factor of safety for slab J
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tested at Purdue University was based on a cabacity of 872

1b per sq ft which was obtained when only one of the four

panels was fully loaded).

The first joint committee (ACI-ASCE) on concrete and rein-
forced concrete adopted the form but not the inteﬁt of equaﬁion (2-3).
In the final committee report published in 1916 (55), the design static
moment was giveﬁ as 85 percent of that based on Nichol's analysis. The
1917 proposed ré&ision (8) and the 1920 approved version (9) of the ACI
Building Code contained another form of equétion (2-3) that was des-
cribed by Sozen (72) as "an even more flagrant violation of statics".

The equation criticized was

2
M4 = 0.09 WL, (L-qc) (2-4)

where qc was twice the distance from center line of the capital to the

center of gfavity of the pefiphery of the half capital.

In 1921, Westergaard and Slater published the first com-
prehensive study on flat slabs (78). They presented solutions of the
elastic plate equations relevant to flat slabs, and a comprehensive
study of the implications of the then available tests on flat slabs
and two-way slabs. Results of the analysis were shown in a comprehen-
sive series of diagrams indicating the distribution of moments at various
sections, and tables indicating the percentage of the total moment which
was resisted in the critical design sections. These percentages formed
the basis of the empirical design method (3).

In 1921, a slightly modified version of equation (2-4) was
considered by Slater, namely designing for a total moment of

2¢, 2

§£9 (2-5)

Mod = 0.09 WL -
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This moment value was adopted by the Second Joint Committee
on Specifications for Reinforced Concrete in 1925 (56) with a footnote,
"The sum of the negative and positive moments brovided for by this
equation is about 72 percent of the moment found by rigid* analysis
based upon the principles of mechanics. Extensive testsAand experience
with existing structures have shown that the requirements here will

give adequate strength."

The 1928 ACI Building Code (7) provided equation (2-5) without

the footnote.

The empirical method had some restrictions in its applications:
Slabs had to consist of a minimum of three continuous spans in each
direction, the panels had to be nearly square and span ratios were only
allowed to vary o?er a small range. Designers needed a method with

greater freedom in its applications.

In 1941 design by elastic frame analysis made its first
appearance in the "ACI 318-41" Building Code (1). It is a two-
dimensional approximation to the plate problem which considers the
Structure as a series of bents, each consisting of a row of columns
Or supports, and strips of supported slab one panel in width. Bents
along column lines in both directions are analyzed for the full lo&ad
on the floor area. As équilibrium was satisfied, the sum of the cal-
culated moments for a panel was the full static moment rather than

72 percent of the static moment as specified in the empirical method.

S |

*
Should be "rigorous".
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However, it was modified to yield answers comparable to'those of the
"empirical method.”" A reduction was made by stipulating the design
negative moment to be that at a distance xL, from the center of the
column width, where

Al
x = 0.073 + 0.57 = (2-6)

where A' was half the capital width but not greater than L/8.

The 1956 ACI Building Code,{ACI 318-56, (2) introduced a
new factor "F'", into the design by "empirical method", based on the
fear that the old tests on flat slabs which had c¢/L ratios of the
otder of 0.2 might not apply to the modern flat plate which had rather

low c¢/L ratios. Thus equation (2-5) was changed to:

_ 22,2
MOd = 0.09 WLF(1 - e (2-7)
where F=1.15 - %w— but not less than 1. (2-8)

Also, in the 1956 ACI Building Code, ACI 318-56, further
modifications were made to the ACI elastic frame analysis. The
moment reduction was further disguised by dropping equation (2-6)
and specifying a physical definition of the critical section for
negative moment. It was also permitted to reduce the design moments
in such proportion that the numerical sum of the positive and average
negative bending moments used in design procedure need not ekceed Mo
as given by equation (2-7), if the structure analyzed was within
the range of the empirical method.

The 1963 ACI Building Code, ACI 318-63, did not introduce

any major changes in the design of flat slabs.
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In 1956, an extensiye testing programme of multiple-panel
reinforced concrete floor slabs was started at the University of
Illinois (12,36,37,42,43,44,52,53,72,76,77,82); Tests were conducted
on models of full scale prototypecstructures, 1/4 scale models of
slabs with 20' x 20' panels arranged in 9 bays, 3x3, two of the models
were flat plates, and two flat slabs, designed in accordance with the
provisions of ACI 318-56 (2). 1In conjunction with these tests a 3/4
full-scale model of the flat plate studied in the Illinois programme
was tested in the Portland Cement Association Laboratories(40). The
main aspects of flat slab behavior that were studiéd, with the objec~
tives of re—eyaluating the knowledge accumulated from previous work
and to prepaf; advanced design methods for multiple~panel floor slab
systems. Among the criteria considered in this investigation were:
deflections; bending moments, crack patterns, modes of failure and

loads at failure.

The conclusions drawn from these tests and analytical studies
(31,32) resulted in drastically revised provisions for the design of
multi-panel slab systems in ACI 318-71 Building Code. Those conclusions

will be reviewed in the following chapter of this investigation.

A comprehensive study of flat plate structures began in
Australia in 1959 by the Division of Building Research at thé CSIRO
(14 to 18,22,23,38,59). Two reinforced concrete and two prestressed
concrete flat plates were tested. The CSIRO's first test slab represen-
ted an extreme case for long term deflection behavior. The second

test slab had all the negative reinforcement uniformly distributed
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over the column strip. The two prestressed concrete flat plates showed

superior load-deflection characteristics.

2.3.2 ULTIMATE-STRENGTH DESIGN

Since the ultimate strength of flat slabs is beyond the scope

of this thesis, this stage of development is not considered in detail.

Historically, ultimate strength was the earliest method used
in design since the ultimate load could be measured by test without a

knowledge of the magnitude or distribution of internal stresses.

Although the study of the flexural behavior of plates up to
the ultimate %oaJ:may date back to the 1920's (49) the fundamental con-~
cept of the yield line theory for the ultimate load design of reinforced
concrete slabs has been expanded considerably in 1943 by Johansen (54)
and others (47,57,81). Collapse mechanisms were examined and upper
bound solutions to the ultimate load carrying capacity was determined
for a preselected layout of reinforcement. Yield line methods give
upper bound solutions in theory but due to the idealization assumptions
used to obtain the plastic moment, experimental investigations generally

show the theoretical values to be conservative.

In 1956 Hillerborg published a paper (45) proposing a simple
design method for reinforced cancrete slabs. Since lower-bound solu-

tions are valid with variable reinforcement, Hillerborg decided to

*
Not to be confused with ultimate-strength design as used by ACI 318-63,
318-71 which referes to detailing of sections.




- 18 -

invert the yield line procedu;e for design purposes and make the re-
inforcement exactly fit the stress field. His theory states that at
failure no load is carried by the twisting stréngth‘of the slab but

is carried either by bending in the x direction or by separate

bending in the y direction (x and y are two orthogonal directions).

In 1956 ACI Code, ACI 318-56, (2) officially recognized and
permitted the ultimate strength method of design for the detailing

of sections or members.

The 1963 ACI Code, ACI 318-63, (3) treated the working
stress method and the ultimate strength method on an equal basis for

section detailing purposes.

The 1971 ACI Code (4) has entirely accepted the ultimate
strength method and relegated the working stress method to a small
section referred to as the "alternate method". The term "strength"
instead of the term "ultimate strength" has been adopted in the 1971

ACI Code.
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CHAPTER 3

THEORETICAL INVESTIGATION

3.1 INTRODUCTION

The design of reinforced concrete structures can be per-
formed by either of two alternative approaches. The first directs
attention to stress conditions within the structural member under
working loads and is known as working-stress Aesign. The second
focuses on the strength capacity of the member at éonditions cor-

responding to failure and is known as ultimate~strength design.

3.1.1 WORKING-STRESS DESIGN

This method (referred to by the 1971 ACI Code as the
"alternate method") directs attention to stress conditions within
the structural member under working loads. It gives no information
regarding the actual factors of safety against failure of a member.
The allowable stresses, in this method, must provide a factor of
safety against attainment of some upper limiting stress. The stresses
computed under the action of service loads will be well within the
elastic range, so that the straight-line variation between stress and
strain is used. The method assumes that if a factor of safety is
achieved against attaining a limiting stress for each component -
material in the element then the element will have an adequate margin

of safety against failure.
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3.1.2 ULTIMATE STRENGTH DESIGN

The actual behaviour of a statically indeterminate structure
is such that after the ultimate moment capacities at one or more points
have been reached, discontinuities in the elastic curve at these points
develop and the results of an elastic analysis are no lohger valid.
There would be redistribution of bending moments throughout the structure
until a sufficiént number of sections of discontinuity, commonly called
"plastic hinges", form to change the structure into a mechanism, at
which time the structure collapses or fails. The structure or structural
element is then designed to provide the desired ultimate strength. By
this approach the method takes into account the nonlinear stress-strain
behaviour of éoncrete, and permits an evaluation of the actual factor
of safety against failure. However, it gives little information about

conditions at service loads.

3.1.3 COMMENTS AND CONCLUSION

No matter which of the two design methods is employed, the
designer must consider both strength and serviceability of any

structural element.

Serviceability factors that may be of great importance are
unsatisfactory deflection, detrimental cracking, excessive amplitude

or frequency of vibration, and excessive noise transmission.

It is quite possible that in the near future the "alternate
method" will disappear and the only use for the elastic concepts of

the working stresses method will be in the computation of deflections,

P}~ artemiieerd
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which are of interest under service loads rather than at ultimate

strength.
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3.2 METHODS OF SLAB ANALYSIS

An exact elastic analysis, for reinforced concrete flat slabs,
requires the use of numerical techniques such és finite difference (1D
or’ finite element (29,35) procedures. These methods are not suitable
for routine design use because of their complexity and léngth. Fortu-
nately several simplified procedures for the design of slabs have been

developed.

The reliable ways for the analysis of slabs, at present,
are:

1. Codes of practice methods (the methods given in ACI 318-71
%only will be discussed here).

2. Elastic analysis methods.

3. The yield line method.

4. The strip method.

5. Optimum placing of reinforcement by computer analysis,
based on elastic stress fields coupled to the ortho-

tropic yield criterion.

3.2.1 ACI 318-~71 DESIGN METHODS FOR TWO-WAY SLABS

3.2.1.1 Introduction

In 1956 an extensive experimental program and anal&tical
studies on reinforced concrete slabs was started at the University of
Illinois (12,36,37,42,43,44,52,53,72,76,77,82) in coordination with
another experimental program at the Portland Cement Association

laboratories (40). These experimental and analytical studies were
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conducted for the purpose of providing a basis for more’rational design
methods, for reinforced concréte slabs, than those which were in use
(2,3). The experimental program at the University of Illinois involved
testing of one-quarter scale models of various floor systems. To aid
interpretation of the one-quarter scale model tests, a flat plate
structure constructed at three-quarter scale and 45 ft. square was

tested at the PCA laboratories.

Some of the significant conclusions drawn from the testing

program and of analytical studies (31,32) were:

1. The sum of bending moments calculated from measured steel
st;gins agreed reasonably well with the total static
moment calculations.

2, The mode of failure of flat slabs with column capitals and
drop panels is generally flexural.

3. Failure of flat plates will usually occur, due to punching
shear, before full flexural capacity is reached.

4. Empirical equations for shear strength, derived by Moe (64),
may overestimate the shear capacity of flat plates.

5. At working loads, deflections and steel stresses are small
and cracking is usually restricted to the column head region,
which may justify a greater proportion of the slab steel
being sited in the column head region than the proportion
obtained from a reinforcement distribution based on elastic
analysis.

6. Yield-line theory underestimates the failure load but usually




- 24 -

predicts the critical yield pattern. Crack p;tterns fore-
shadow the likely féilure mode. |

The fact that the flexural capacity of the slab is greater
than that predicted by yield-line theory, indicates that
compressive membrane forces may be present.

For the same loading flat plates have higher deflectioms
and stresses than flat slabs with column capitals and/or
drop panels. However, for slabs designed by ACI 318-56
Building Code, the flat slab with column capitals and/or
drop panels is more highly stressed than the flat plate of

the same depth at their respective design loads.

The fesults of the testing program and of analytical studies

resulted in drastically revised provisions for the design of multi-

panel slab systems in ACI 318-71.

The design methods for reinforced concrete two-way slabs

(flat slabs and flat plates included) that are proposed by the ACI

318-71 contain three major changes (compafed with ACI 318-63):

1.

a unified approach to the design of all two-way slab systems
consisting of reasonably rectangular panels supported on
isolated columns with or without beams, drop panels and
column capitals, and supporting predominatély distfibuted
loading,

ultimate strength design for the proportioning of reinforce-
ment in a section has been extended to slabs on an equal

basis with other concrete members,

!
&
{
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the load factors on service loads for the determination of
the ultimate design.load have been reduced from 1.5 to 1.4
for dead load, and from 1.8 to 1.7 for live load. This
reduction in load factors was implemented because.of more
comprehensive code provisions, additional research and

experience and improved concrete and steel quality control.

A copy of, ACI 318-71, Chapter 13 (Slab Systems with Multiple

Square or Rectangular Panels) and Commentary on, ACI 318-71, Chapter 13

is given in Appendix D. This copy is revised up to the 1977 Supplement

to the Building Code (ACI 318-71).

3.2.1.2 DéSign Procedure

The ACT 318-71 procedure for the design of two-way slab

systems can be summarized in the following steps:

1.

Slab thickness: The minimum thickness of slabs or other
two-way construction for floors designed in accordance
with the provisions of Chapter 13 of ACI 318-71, and having
a ratio of long to short span not exceeding two, shall be
governed by the following equations, and the other provisions
of ACI 318-71, Section 9.5.3

* h

h = ' L m
T 1+ .139[am8 - 0.5(1—85)(l+8)]

but not less than

h = n
1+ .139 B(1+B )




- 26 -

L_(800+.005 £)
n y

the thickness need not be more than hn’Where hm = 36,000

which gives 0.03056 Qn(kn/32.7) for fy = 60,000 psi.

The above equations yield thicknesses consistent with
those found from experience to provide satisfactory control
of deflections for flat slabs, flat plates and conventional

two-way slabs supported on beams.

Auxiiiary elements, if any: the choice of auxiliary elements
will depend on such factors as panel location and geometry,
and stiffness and shear requirements. These factors are
discussed in detail in ACI 318-71, Sections 9.5.3 and 11.10

through 11.13.

Design moments at the critical sections: Computation of the
slab design moments at the critical positive and negative
sections may be performed by either of two methods: (a) The
Direct Design Method (see Appendix D, Section 13.3): a
simpler method which may be used for slab systems meeting
the limitations listed for this method or (b) The Equivalent
Frame Method (see Appendix D, Section 13.4). The Equivalent
Frame Method must be used when the limitations listed for

the direct design method are not satisfied.

Proportion slab design moments between column and middle
strips: Irrespective of whether the Direct Design Method
or the Equivalent Frame Method is used, to determine the

total moment on a section, this total moment must then be

i
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proportioned across the slab. The slab is divided into a

. series of transverse'and longitudinal strips parallel to
the column lines, each to be proportioned to resist a
specified percentage of the negative, or positive, design
moment. That portion of the design moment assignea to a
particular strip may be assumed to be distributed uniformly
across that strip (for more details see Appendix D, Section

13.3.4).

5. Design for shear and torsion: The designer must be aware

that the vital problem related to safety éf the slab system
is the transmission of load from the slab to the columns by
fle#ire, torsion and shear. Design criteria for shear and
torsion -in slabs are discussed in detail in ACI 318-71,

Sections 11.0 through 11.13.
6. Reinforcing: see Appendix D, Section 13.5.

An example of computing the design moments, of a flat slab,

at the critical sections, using the Direct Design Method (ACI 318-71)
and the proportioning of these moments between the column and middle

strips is given in Appendix C.

3.2.2 ELASTIC ANALYSIS OF PLATES

The elastic analysis of reinforced concrete flat slabs has
two main facets:

a) The analysis of a "medium-thick" elastic plate.

£

i
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The modifications required because of the characteristics

of reinforced concrete.

A discussion of the various elastic analysis methods would

be too lengthy and beyond the scope of this thesis. However, a list of

those methods with some references is given below:

a)
b)
c)
d)

e)

3.2.3

Exact solutions (26,27,75).

Finiteddifference equation solutions (68,78,79).
Moment distribution method (13,31).

Elastic models (24,60).

The finite element method (30,83,84).

YIELD-LINE METHOD

3.2.3.1 Introduction

This method deals with the ultimate load-carrying capacity

of slabs, assuming impending collapse. It can be applied to one-way

or two-way slabs.

As applied to one-way slabs, it is not much different from

the limit analysis of continuous beams as ordinarily treated in

plastic design for structural steel.

way slabs.

The chief concern of this theory is the analysis for two-

Although, not yet adopted by the ACI code, slab analysis

by yield line theory may be useful in providing the needed informa-

tion for understanding the behavior of irregular or single-panel

slabs with various boundary conditions.
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3.2.3.2 Basic Concepts and Assumptions

Johansen (54) extended the ultimate load analysis of beam
and frame structures to reinforced concrete slaBs by introducing the
concept of yield-lines, whicﬁ are the two-dimensional counterparts of
plastic hinges. The first stage of the yield line analysis of any
slab is to predict the yield line pattern at failure (a series of
possible patterns must be considered). For a given amount of rein-
forcement the ultimate resistance moment along the yield lines can be
calculated and hence by analyzing the slab at failure the value of the
load which is in equilibrium with these moments can be found. Effects
other than flexure, such as shear and deflection have to be separately
considered. Thé reinforcing steel is assumed to be fully yielded along
the yield lines at collapse and the bending and twisting moments are

assumed to be uniformlalong the yield lines.

Generally yield lines will occur along lines of fixed support,
lines of symmetry, and, for slabs supported directly on columns, along
an axes passing through the column. Typical yield line patterns of

flat-plates are shown in Figures 3.1, 3.2 and 3.3.

Provided that the correct failure pattern is known, the
critical load can be obtained either from virtual work or from equili-
brium considerations. Both approaches use the following basic

assumptions:

1. At impending collapse, yield lines are developed at the

location of the maximum moments.

-
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2. The yield lines are straight lines. (This is valid only for

distributed loads; point-loads do have curved yield lines).

3. Along the yield lines, constant ultimate moments (mu) are

developed.

4. The elastic deformations within the slab segments are
negligible in comparison with the rigid body motions created

by the large deformations along the yield lines.

5. O0f the many possible collapse mechanisms, only one, pertinent
to the lowest failure load, is important. In this case the

yield line pattern is optimum.

6. When yield lines are in the optimum position only ultimate
bending moments, but no twisting moments or transverse shear

forces, are present along the yield lines.

Most books assume in their discussion, that the slab is of
uniform thickness and that the reinforcing is the same in both directions
(isotropy). The treatment of orthotropic reinforcements, variable
thickness, etc., is basically the same. The reader is referred to

references (57,58,70,81).

For the analysis of a flat plate three yield line patterns

should be considered:

1. One-way collapse modes, either in x or y directions,
Figure 3.la.

2. Simultaneous two-way collapse (Figure 3.1b), in this pattern
the critical load remains the same as the previous pattern

(Figure 3.1a).
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3. Inverted conical collapse mode (Figure 3.1c) centered on

each suppott.

Figure 3.3 shows a collapse mode of abflat'plate with hexa-
gonally arranged supports. This mode is really the companion of
Figure 2.1b for a square system. It must be noted that f&r such
supports arrangement there are a large number df possible collapse

modes.

Figure 3.2 shows a collapse mode of typical interior panels

of flat slabs.

3.2.3.3 Summary and Conclusions

“

Yield-line analysis is a simple ‘and economic limit analysis
method, it furnishes realistic upperbounds of collapse loads for any

shape, boundary, and loading conditions.

Close agreement has been obtained between experiment and

analytical results, in numerous reinforced-concrete independent tests.

Although this method was primarily developed for the design
of reinforced concrete slabs, its basic principles are generally
applicable for the analysis of all plates, provided that the plate
material has the ability to deform plastically and that its stress—
strain behavior can be feasonably well approximated by Johansen's

rigid-ideally-plastic.

Some limitations to the method are:
—- The method gives the total ultimate load-carrying capacity of the

‘plate, this load cannot be applied directly to the design.

hemmms
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~ The computation of deflections can be done only via crude approxi-
mations. .

~ Shear must be separately considered.

—~ Theoretically, the law of superposition is not wvalid.

~ Although, this method can be applied for suddenly applied one-time
loads, it fails in vibration analysis and cannot be used in the
case of repeated static or dynamic loads.

— The method ié not suited to determining a reinforcement layout,
Reinforcement layouts determined by elastic analysis give greater

control over cracking and deformation at working load.

. *
3.2.4 STRIP METHOD

In this method the reinforcement is made to fit, exactly,
the stress field, which gives the designer a wide freedom of choice
in his design approach. Tests of typical slabs designed by this
method, and reinforced exactly according to the moments found (with-
out averaging across a band, but with reduction of steel as moment
decreased), developed the same load capacity that was introduced
into the design. It was concluded, by Armer and Wood, that the
design was an almost exact solution rather than just a lower bound

%k
solution of the problem  (19,20,80).

*
Developed by Hillerborg.

%%k
The yield-line method is an upper bound procedure.
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3.2.4.1 Theoretical Basis

The equilibrium equation for slabs (for elastic plate

analysis) is:

22Mx . %My . 5%y
2 Y272 =P
9% dy 9x dy

Hillerborg assumes that the twist moment Mxy = 0, and split up the

load p into op and Bp, (o+B=1), thus the equation can be reduced to:

9 Mx
= —(X,p
8x2
and 32M ~
2 = —Bp
3y

while o may be assigned any value, it is usual to consider O as either
"0" or "1". Strips are made to carry arbitrary load dispersion dia-
grams as in Figure 3.4. The designer has to watch the continuity of
shear and bending moment in the strips, and make the reinforcement

fit.

The flat slab is one of the most difficult slabs for thiss
method. For such a case, Hillerborg developed the advanced strip
method (33) in 1959. Hillerborg recommended a rectangular element
load in two directions to a support at onme corner (the column) of
the element. The mathematical basis for this element could not be
proved, but a test result, by Armer (20), for a slab design using
this method reported satisfactory results. Wood has suggested a wide

"beam band" over the columns that could be strengthened at the columns
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by local (short) strong bands across the column (much like steel

shearhead reinforcement in flat plates).

Although, at present the strip method is not ready for
everyday design of flat slabs and flat plates, it is believed that
development in this particular area are intriguing and apﬁear hope-

ful.
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CHAPTER 4

EXPERIMENTAL INVESTIGATION

4.1 INTRODUCTION

For practical and economic reasons, it is not often feasible
to carry out comprehensive experimental investigations on full size
buildings. Consequently the investigation described in this thesis

was carried out on a reduced scale perspex model..

The obiéct of the experimental investigation was to measure
the bending moments and deflections of a perspex model of a typical
two-storey 3.béy by 3 bay flat slab, with rectangular 14" x 16" panels,
under various combinations of panels loaded. To achieve the most
effective uée of the model bnly one panel was loaded at a time, derived
load patterns being achieved by superposition of the results of single-
panel loaded tests. The model response was measured by surface mounted
strain gages and dial gages. The strains were converted into moments
by use of the conventional equations. Using those results an investi-
gation was carried out into ACI 318-71, slab systems with multiple
square or rectangular panels, clauses: 13.1.2, 13.1.3, 13.3.1.5, 13.3.2.1

through 13.3.4.3, 13.3.4.5, 13.3.4.6 and 13.3.6.
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4.2 MODELS IN STRUCTURAL ENGINEERING

Model tests are a long accepted technique in the analysis of
redundant structures (34,50,61,66). In discussing models consideration
will be confined to small scale three dimensional model studies related

to the investigation of reinforced concrete structures.

The models that have been used in studies of reinforced con-
crete structural elements can be divided into two broad categories,

namely direct and indirect models.

4.2.1 DIRECT MODELS

Direct models (10,21,41,71) are assemblies constructed of
mortar (micro concrete) reinforced with steel wire. Its properties

are identical to those of the proposed design but on a reduced scale.

Direct models must be used if behavior beyond the range of
elastic response, or material strength considerations, are important

to the study.

The most important advantages of direct models are:

1. Simulation of nonhomogeneity in the prototype.

2. Possibility of observation of behavior over the entire
loading range to failure, and

3. Cost as compéred to testing of full scale members or
assemblies.
The disadvantages of direct models are:

1. The precision required in planning and constructing models.

2. The difficulties in instrumentation of reinforcement.
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The restriction of a single test to failure as the model

is destroyed. .

The necessity of further laboratory work to prove the inter-
relationship, particularly the material properties? between
model and prototype, and

Certain problems are not answerable to direct model tests

without distortion.

INDIRECT MODELS

Indirect models (28,34,50) are constructed of material which

is essentially homogeneous and responds elastically to the application

of load.

Sucﬁfmodels, usually built of a synthetic resinous material,

are employed to study structural response to load only within the

elastic range. Therefore, the results obtained are limited in value

to the same extent as the results obtained from an accurate mathematical

study founded on the theory of elasticity. Thus, it may be stated that

the findings derived from a well conceived elastic model are no better

than, but as good as, those from properly executed studies of a mathe-

matical model, except that in experimental models the effect of edge

conditions are realized physically rather than assumed on the basis

of idealized boundary conditions. The most important advantages of

indirect models are:

1.

2.

Versatility and ease of constructing simulations of complex
configurations.
Relative ease in altering configurations as required during

the progress of testing.
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3. Facility with which strain and distortion measurement may
be made, and
4, Simplicity of mechanics of loading as compared to those

required for large scale testing.

The disadvantages of indirect models are:

i 1. Restriction t6é elastic behavior of model.

2. Dissimilarity of physical properties of the materials, which
| under certain conditions of strain compatibility, may affect

the interrelationship between model and prototype.

All the tests described in this investigation are indirect
model tests with the model studies being used to check the accuracy
of some clauses of the Direct Design Method of ACI 318-~71 (4) for the

design of flat slébs.
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4.3 THE PROTOTYPE AND THE MODEL

In any investigation into the behavior of structural models
the first question to be raised is whether the model is representative

of its prototype.

The prototype of the flat slab which has been investigated
is illustrated = in Figure 4.1. The 6-inch slab is supported
directly on 1 f£ diameter circular columns which are fixed at their
bases. A model of 1/12 scale of the prototype was constructed for
this investigation. Scaling of linear dimensions was linear, whereas
areas were reduced by the square 6f the linear scale factor. Loading
per square area remained the same, that is 200 psf on the prototype
is represented by 200 psf on the model. .An initial computation of
the stresses in the perspex model* showed that the stresses would be

well within the elastic range of the model material (perspex).

%
The values of the moments were computed, using 200 psf as the total

distributed load on the structure, according to the 1971 ACI Code
(ACI 318-71).

e E
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4.4 MATERIALS AND CONSTRUCTION OF THE TEST MODEL

4.4.1 CONSTRUCTION CONSIDERATIONS

In very small scale models consideration must be given to the
tolerances of dimensions of the structure, the magnitudexof.the loads
..
and the ability to measure the model's response to the loads. Also
ease of construétion and access to the model components must be

considered.

An error of a small magnitude in the everyday concept of
units of measurement may, in the case of the small ﬁodels, represent
a very large relative error in the structure. Choosing *5 percent as
the average afiowable construction error, the thickness of the slab
should be controlled to within %0.02 in. This same tolerance can be

applied to span lengths and other dimensions.

The necessity of maintaining the comstruction error as small"
as possible dictates the time and care that should be spent in the
fabrication and construction of the test model. Since the small model
means a smaller space to work in, and more cramped places which restrict
movements, it was important that the model be designed and oriented in
such a way as to provide easy access about, over and under the test

model.

4.4.2 TEST FRAME

The frame on which the model was tested consisted of a grid-
work of 4-M4 x 13 steel beams, arranged at 16 in. centers. These

steel beams were connected by three steel plates, 3" x 1/2" x 54"
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length, under the bottom side, arranged at 21 in. centers and by four
steel plates, 6" x 1/2" x 54" length, on the top side, arranged at

14 in. centers. The bottom plates were rigidly welded to the steel
beams, while the top plates were bolt connected, to the top of the
steel beams, using 1/2" bolts, to avoid any warping of the top steel
plates due to wglding heat, and to allow for any necessary adjustments
of the distance between the top plates. Half inch holes at 16" centers
were provided,‘in the top plate, to receive the columns of the test

model.

Figurés 4.2 and 4.7 presents in detail the arrangement of

the steel frame on which the model was tested.

4.4.3 DESCRIPTION OF THE TEST MODEL

Pérspex was choseﬁ to be the model material as its low modulus
of elasticity (0.467 x lO6 psi), enables a high response (strain) to be
obtained for a low load. All the joints were mechanically connected
with provisions for possible future changes (column capitals, drop
panels, column stiffness). Thickness dimensions were held to a
tolerance of plus or minus 0.0l4 inch on the slab, drop panels, and

column capitals and to plus or minus O.004 inch on columns.

The basic model of the investigation reported hereiﬁ was a
two level flat plate model with no edge beams, drop panels, or column
capitals. Each level consisted of nine 14.0 inch by 16.0 inch panels,
arranged three by three. The edge strip width was 3.25 inch all around.

Columns were 1.0 inch in diameter and 10.5 inch in height. Dimensions
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of all components of the model are shown in Figures 4.3, 4.4, 4.5, 4.6,

4.8 and 4.9.

The test model was designed with provisiohs for succeeding

future tests, incremental units can be added to form any of the following

combinations (see Figure 4.6):

1. The number of levels can be increased up to five levels.

2. Colum&s stiffness can be changed, by changing column's
diameter, height, or both.

3. Flat plate with edge beam.

4. Flat slab with drop panels, column capitals or both.

The “columns of the model were supported on a rigid steel
base. Preliminary tests indicated no deflection of the supporting

structure under loads higher than those encountered in the process of

testing.

4.4.4 PROPERTIES OF PERSPEX (48,69)

Perspexy; also known as lucite, plexiglass, is a poly-methyl-
methacrylate plastic, a water-white solid.formed by the polymerization

of methyl methacrylate.

The mechanical properties of perspex depend markedly on the
temperature at which they are measured, the rate at which the perspex
is stressed or strained, and to a less extent on the presence of
absorbed water, which tends to act as a plasticiser. This last effect
can usually be ignored. A detailed discussion of mechanical properties

is given by Hoff (46).
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Representative test specimens of the perspex, used in the
model, were subjected to simple bending and tensile tests to determine

the elastic properties of the perspex.

In the simple bending tests, specimens of Section'3.00" x
486" x length 10.00", were simply supported over a span éf 8.00" and
loaded by a midspan concentrated load. Strains and deflections at
midspan were measured using electric resistance type strain gages and
dial gages. Stress-strain curves were obtained from the tests and the
average modulus of elasticity was 0.467 x lO6 psi. The readings of both
the deflections and the strains at the center of the specimens helped

in checking the gage factor value (2.12).

In the tensile test, specimens'of 3" x .486 x 10" length,
were subjected to.a tensile force acting in the longitudinal direction,
strains were measured at the center point in the longitudinal and
transverse directions using surface mounted electric resistance type
strain gages. Stress-strain curves were obtained from the tests, the

average Poisson's ratio was 0.35.

The above values, of the Modulus of Elasticity and Poisson's
Ratio were measured at the same temperature at which the model was
tested (70° * 1°F), using the same electric resistance type strain

gages and dial gages tﬁat were used on the model.

More values for the perspex mechanical properties are listed

in Table 4.1.
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4.5 INSTRUMENTATION

4.5.1 STRAIN MEASUREMENTS

Provisions were made to measure strains at various sections
in the interior and exterior panels so that comparisons to éhe code
(ACT 318-71) results could be made. Strain gages were to be placed
in the positiveimoment regions across the panels centerlines and in
the negative moment regions across the column centerlines. The strain
gages used were: Kyowa electric resistance strain gages "type
KFC-5-C1-11", the gage length of these strain gages was 5 mm, their

resistance was 119.8 # 0.3%2, and the gage factor wés 2.12 + 17.

Dra;ings of the same size as the model's slabs, with the
exact locations of the strain gages, were prepared. The drawing was
fixed on one side of the slab, and the strain gages were mounted, on
their exact location, on the other side prior to the placement of the .
slab in the model. The strain gages were installed with M-Bond 200 :

Adhesive.

After the gages had been mounted with all care possible and
and a check had been made, on each strain gage, the gages were water-
proofed with three layers of M-Coat "A" (air-drying polyurethane

coating) at 30 minute intervals.

Several difficulties were encountered during the process of
installation, mainly due to the large number of strain gages used
(115 strain gages, each had to be welded to three wires). Tricoloured

wires were used, and a numbering system of the strain gages and the
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wires was adopted and executed step by step with the installation
procedure of the strain gages. Strain gages were installed in the
x~direction on one slab and in the y-direction on the second slab.
Tests were done twice for each level using one slab in the first time

and the other slab in the second time.

Most of the strain gages were attached to the bottom surfaces
of the slabs, though companion gages were attached on the top surface
at locations 18, 22, 50 and 54 to determine the presence of axial
stresses in the slabs. The locations of the strain gages are shown
in Figure 4.12 and Figure 4.13 for gages on the bottom and top surfaces

of the slabs.

Some strain gages were mounted on the columns. Their loca-
tions are shown in Figures 4.14, 4.15 and 4.16. The measured strains
of the columns are given in Appendix A, but they will not be considered

in this investigation.

Strains were measured, using a quarter bridge circuit, by a
combination of multi-channel digital strain indicator with digital
printer module, by a digital strain indicator (Model P-350A) with 1Y.12

switching and balancing unit, and a model SB-1 switch and balance unit.

4.5.2 DEFLECTION MEASUREMENTS

The vertical deflections of the test model were measured at
12 different locations. Deflections at five locations in each panel
were measured, thus including all locations at midspan between columns

and at mid-panel., Figure 4.17 presents the location and designation

P (o
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of the dial gages. The dial gages used in the test of the test model
were 0.001 in. dials with l—iﬁ. stroke. The dial tips were spherical
in shape. An individual deflection dial was mounted under each of the
points to be considered. Figures 4.8 and 4.9 present typicgl views of
the test model. Figure 4.11 gives a close-up view of the dial gages

used to measure the vertical deflections.

4.5.3 LOADING SYSTEM

Individual panel loading was achieved by means of a 16.0 in.
by 14.0 in. rubber air pressure bag loading system (39). Several
difficulties were encountered in the process of fabficating the airbag.
The first airgég was unsuccessful, the second started leaking, through
several holes, after a few primary tests. The third was satisfactory,
but it started leaking (very slowly) after a few tests, making periodic
repairs a necessity. The main problem was with the glue, as the
operation necessitated a glue to be very elastic, air tight and strong
after drying. Holding the different elements in place while the glue
dried was another problem. Different kinds of glues were attempted,
and the one which showed best results was "5 Minute-epoxy Lepage".
Another airbag has been prepared to replace the one in use in case of
any possiﬂie problem. The airbag was placed on the top surface of
the model and then it ﬁas inflated by a hand pump and a system of valves
to provide the load. The top reaction for the airbag was provided by

a wood plate firmly anchored to the test frame.

The pressure in the airbag was measured by means of a water

manometer having a potential error of plus or minus 1/8 in., or 0.65
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psf, which was considered to be sufficiently accurate (with intended
loading of 200 psf, this error represents plus or minus 0.325%).

Details of the airbag and the uniformly distributed loading system

are shown in Figures 4.10 and 4.18.
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4.6 TESTING OF THE MODEL

Accuracy of strain measurements is the primary consideration
in the selection of the magnitude of the test load. - Though a high load
would produce high strains, the consideration is counterbalanced by
desire to use a low load to avoid excessive deformations (second
consideration)."Accurate measurement of the applied load is the third
consideration. ‘A uniformly distributed load of 200 psf (38.5 in. of

water) was selected.
Testing was done in an air conditioned building.

The testing of the model began with a test with uniform
loading to 50'psf on panel No! P2. Readings of strains and deflections
were recorded. The same procedure was répeated with uniform loadings
to 100 and 200 psf on the same panel (P2). These tests were merely to
check the electrical strain gages, the deflection dial gages, the
lodding equipment, the test procedure and the linear relationship be-
tween the load, the strains and the deflections. Everything worked

fine (errors were plus or minus three percent).

The testing of the model was done in two stages: In the
first stage the slab with the electrical strain gages in the longi-
tudinal direction was placed in the first level, and the other'slab,
with the electrical strain gages in the transverse direction, was
placed in the second level. In the second stage the two slabs
changed levels.

In each stage individual panels were loaded, one at a time,

using the uniformly distributed load of 200 psf. This meant 18
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individual tests for each stage.

For each test, at the completion of the loading operation,
the deflection and strain data was taken. Reading and recording this
data required about 25 minutes, which necessitated a very clpse control
of the water manometer by a second person to maintain the pressure in

the airbag at 200 psf.

Before each loading the dial gages were set to zero, and
the strain gages were individually balanced to zero. The model was
then loaded and the strains and deflections measured. The load was
removed and strain readings and deflections again taken. The readings
due to the logg were taken as the difference between readings at load
and the readinés at the subsequent unloaded condition. After a waiting
period of at least three hours the strain gages were balanced again
and the dial gages set to éero in preparation for the next test. It
can be seen that the strain, and deflection, values are in terms of
applied load and do not take into account the uniform dead load on

all panels.

Strains in one level due to the loading of a panel of the

other level were very small and insignificant.

Table A.l through Table A.54 present the data derived in

the above manner.

I o mrni e .
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CHAPTER 5

ANALYSIS OF EXPERIMENTAL RESULTS AND DISCUSSION

5.1 ANALYSIS OF THE EXPERIMENTAL RESULTS

It was noted that the strains of the top and bottom surfaces
(measured at locations 18, 22, 50 and 54) closely agree, but are
opposite in sign;.which indicates a lack of axial or membrane stress
in the slab at these locations. This condition prevailed through all

tests.

Stresses were calculated from a combination of the measured
strains in the "two perpendicular directions x and y. Strains and

moments were related by pure bending equations (75) as follows:

= -2
Ex T r
X
Z,
g = — where z =-h
y r 2
y
Eh3
D= ———p
12(1-v7)
1 1
M% = DCE—-+ v
X y
1 1
My=D(?+VF)
v X

e." and "e " denote the strains in the x and y directions, respectively,

y
ll_ll
-r

and ' denote the curvature of the surface in sections parallel

v

to the xz and yz planes respectively, 'D" is the flexural rigidity

BTG
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of the plate, "h" denotes the thickness of the plate, "EG is the
modulus of>elasticity (0.467 x'lO6 psi for perspex), "v" denotes
Poisson's ration (0.35 for perspex), and M& and-M& denote the bending
moments per unit length acting on the direction parallel to the y and
X axis respectively, these moments were considered positive Qhen they
produced compression in the upper. surface of the plate and tension in
the lower. |

Substituting the values of E, v, z and h (0.486 in) in the

above equations, the following relationships were obtained:

My

20949.176 € + 7332.212 €y 1b.in.

M

20949.176 €+ 7332.2.2 € 1b,in
b4 y x

(ex and ey are in inches)

Moments were calculated from the measured strains, using a
computer programme (Appendix B) for six different loading patters,
(Figure 5.2). Moment values were obtained for a total live load plus

dead load equal to 400.0 psf.

Table B.1 and Table B.2 show the values of the strains and
moments, for the first and second levels, when all the panels are
loaded with a uniformly distributed load of 400.0 psf. Location and

orientation of the gages are shown in Figure 4.12.

5.1.1 LOADING PATTERNS

The partial loading patterns for maximum positive and negative

moments are shown in Figure 5.1. It can be noticed that there are two
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main sets of patterns: checkerboard loading patterns and strip loading

patterns (51,53).

In this investigation strip loading patterns (Figure 5.2)

were used to create maximum loading conditions.

Table B.3 through Table B.16 show the values of the strains
and moments, for the different strip loading patterns, when the ratio
of the live 1oad”to the dead load is equal to 3.64 (L.L. = 313.8 psf
and D.L. = 86.2 psf), this value represents a live load to dead load

ratio of 3 to 1 multiplied by load factors 1.7 and 1.4 respectively,

The agreement, or otherwise, between the measured moments and

the ACI (318-71) moments will be discussed in the following pages.

5.2 COMPARISON OF MODEL TEST RESULTS WITH THE DIRECT DESIGN METHOD
(ACI 318-71) AND THE EMPTRICAL METHOD (ACI 318-63)

The moments measured from the flat slab model on this in-
vestigation are compared both graphically and in tabular manner with
the results calculated using both the Direct Design Method and the

*
Empirical Method .

Figures 5.3 to 5.6 show the variation of measured and:calculated
negative moments across the width of the negative moment section for the

appropriate loading patterns for an interior panel.

*It must be noted that bending moments were calculated in each of the
two orthogonal directions (x-y) for each of the two slabs of the
model. TFor presentation, the variation of moments can be considered
across a section or along a strip.
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Figures 5.7 to 5.10 show the variation of positive moment
across the slab for an interiar panel.

Figures 5.11 to 5.14 show the variation of negative moment
across the span for an end span.

Figures 5.15 to 5.18 show the variation of positive moment
across the slab for an end span.

Figures 5.19 to 5.22 show the variation of bending moment
for end panels;

Tables 5.1 through 5.8 compare the magnitudes and the measured
moments with those calculated by the Direct Design Method and the

Empirical Method for all panels loaded.

5.2.1 EFFECT OF POISSON'S RATIO

Moments and resulting stresses at a given point in a plate
are dependent upon the Poisson's ratio of the material (34,75). Con-
sequently, for two structures of different materials, interpretation
of data from one to another should require adjustment to account for
differing Poisson's ratios. This has been used occasionally to question
the feasibility of model analysis. Because of the complexity of the
problem, neither those opposed to nor those favoring models have esta-
blished sufficient mathematical evidence to prove their viewpoints.
However, previous invesfigations have indicated good agreement between
elastic models and reinforced concrete pPrototypes, even though the
effects of differences in Poisson's ratio had been ignored.

Due to the limitations of present mathematical analyses of

flat plates, the unknown value of Poisson's ratio of reinforced concrete ,
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the inherent variations in measurements in both model and prototype
and the good agreement qbtained in previous investigations, it is
concluded that the effect of differences in Poisson's ratios between
model and prototype is of little more than academic interest. It was
concluded by Elstener (34) that ignoring the differences in Poisson's
ratio does not sériously affect the comparison between the model and

the ACI Direct Design or Empirical Method.

5.2.2 FIGURE 5.3 THROUGH FIGURE 5.18

In these figures comparison is made betweén the moments
given by the Direct Design Method (ACI 318-71) and the experimentally
measuredfmomeﬂés across different sections in both directions for each
level. For each negative (column line) section there is a corresponding
positive (middle line) section, e.g., Figure 5.3 and Figure 5.7. The
ACI moments variations across the section are presented by straight
lines, while the measured moments are presented by curves. On these
curves the location of the moment on the cross section is plotted

against the value of that moment.

It can be seen from these figures that there are three
different pairs of curves (direct design method moments versus the

measured moments of the model of this investigation).

a) One pair of curves represent moment values and variation
across a section due to a uniformly distributed load on all
panels. This will be used in a comparison between the

measured moments and the direct design moments of the
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ACI 318-71, Section 13.3.2 through section 13.3.4.5,

| b) The second pair of curves represent the maximum negative

; moment values and variation across a.section, due to strip
; A loading patterns with the live load equal to 3.64 ‘times the
| dead lqad, versus 1.11 (1/0.9) the direct design negative
moments. This pair of curves will be used in a discussion

of the effects of pattern loadings, within the limits of the

direct design method when the live load does not exceed three
times the dead load (all loads are due to gravity only and

; uniformly distributed over an entire panel).

g c) The third pair of curves represent the maximum positive (or

| the corresponding negative) momént values and variation across
a‘sectién, due to strip loading patterns with the live load
equal to 3.64 the dead load, versus the direct design positive
(or the corresponding negative) moment values with Prov151ons
13.3.6. This pair of eurves will be used in a discussion of
Provisions 13.3.6 and of the effects of pattern loadings on

the direct design method for the above mentioned conditions.

5.2.3 TABLE 5.1 THROUGH TABLE 5.8

Comparison is made, in these tables, between the direct design
method moments (ACI 318-71), the empirical method moments (ACT 318-63)
and the experimentally measured moments (positive and negative for both

column and middle strips).
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It was immediately noted that the total panel ﬁoments of
the model from this investigation are approximately from.seven to zero
percent lower than the total static design moment "Mo" by ACI 318-71.
Errors in the constants necessary to calculate moments from strains and

experimental error could account for this small difference.

The valﬁe of ACI 318-71 static moment ”Mo" was accepted as a
reference value, and the ratio between every moment (by the direct design
method, empirical method and experimentally measured moments) and M0 was
calculated.

Every table is divided into two main parts&

a) ACI moments, and

b) Experimentally measured moments.
a) ACI Moments:

In this part of thé tables there are three sets of numbers.
The first set of numbers without brackets represents values of moments
calculated by the direct design method (ACI 318-71), e.g. Line 1,
Table 5.1. The second set of numbers with brackets, and asterisks,
represents values of moments calculated by the empirical method (ACI 318-63),
e.g. Line 2, Table 5.1. The third set of numbers with brackets, without
asterisks, represents the empirical method moments as a percentage of the

reference moment "Mo", e.g. Line 5, Table 5.1.

b) Experimentally Measured Moments
In this part of the tables the values of the moments were
obtained from the curves of Figure 5.3 through Figure 5.18 for the

case of all panels loaded. As previously mentioned, M0 refers to the

reference moment.
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5.3 DISCUSSION OF RESULTS

In this discussion two main points will be considered:

a) Moment values and variation in a flat slab'due to uniformly
distributed load on all the panels, and

b) The effect of pattern loadings on the moments, when the
uniformly distributed live load does not exceed three times

the uniformly distributed dead load.

Section 5.4 discusses the moments in an interior panel, and

Section 5.5 discusses the moments in an end span interior panel.
For each panel the discussion will be conducted as follows:

1. The total panel moment (negative moment + positive
moment)

2. The total panel negative moment.
3. The total panel positive moment.
4. The total column strip moment.

5. The total middle strip moment.

5.4 INTERIOR PANEL (B5)T

See Table 5.1 through Table 5.4 and Figure 5.3 through

Figure 5.10.

It is immediately noted that the measured total interior panel
moments (negative moment + positive moment) of the model of this in-

vestigation are approximately from 5 percent lower to 2 percent higher

lAll discussions for interior panel is made in parallel between the-
Direct Design Method (ACI 318-71) and the Empirical Method (ACI 318-63).
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than the total static moment Mo given by the direct design method (4).
Errors in the constants necesséry to calculate the moments from the
strains, and experimental errors could account for this small

difference.

5.4.1 The Total Panel Moments {M(-ve) + M(+ve)} Calculated by the
Direct Design Method are Approximately:

a) From 6;5.to 8 percent higher than the total static moment (Mo)z,
b) 12, 5, 11 and 16 percent higher than the total measured moments3
(Table 5.1 to Table 5.4 respectively)4,
c) 25, 26, 25 and 26 percent higher than the total empirical method
momentg for an interior panel.
The total calculated static momént "MO"5 is, approximately:

5 percent higher, 2 percent lower, 3 percent higher and 7 percent higher

than the total measured moments.

© w.Ifv Section 13.3.4.66 (ACI 318-71), can be applied it
would reduce the total panel moments, calculated by the direct design
method to the total static moment "MO". This reduction can be achieved

by reducing the negative moment, only, to 65% Mo’

2See Fig. 13.4 of Chapter 13 of Commentary on Building Code Requirements
for Reinforced Concrete (ACI 318-71). :

3The measured moments. of the model of this investigation will be called
"the measured moments" throughout this discussion.

4All the comparisons for interior panmels will be made in that sequence

(i.e. Table 5.1 to Table 5.4, respectively).

5Moments calculated by the direct design method, of ACI 318-71, will be
called "the calculated moments" throughout this discussion.

6

static design moment for the panel in the direction considered is not les
than that required by Eq. 13.2.

13.3.4.6. A design moment may be modified by 10 percent provided the total
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In the above discussion it can be seen that there is good
agreement between the direct design method and the model test results

for the value of the total panel moment.

5.4.2 The Total Interior Negative Moment of an End Span (i.e.
the exterior momentgofttheifirstiinteriors§pan2,fCalculated
by the Direct Design Method is Approximately:

a) 19, 15, 5 and 16 percent higher than the total measured moments.

This represents a difference of 11.4, 9.3, 3.4 and 9.9 percent
of "Mo". This difference is split between the column and

middle strips as follows:7

Total Column Strip Middle Strip

First level ' +11.4% Mo + 8.9% Mo +2.5% M0
{Y¥-direction) ,

First level + 9.3Z7 M +11.47% Mo8 -2.1% Mo8
(X-direction) °e

Second level + 3.47% Mo + 5.6% MB -2.2% M09
(Y-direction)

Second level +9.9%7 M +15.8% M08 -5.9% M08
(X-direction) °

Positive sign will be used for a positive difference and negative sign
for a negative difference (calculated moments-measured moments).
SACT 318-71, Sections 13.1.2 and 13.1.3 state that:
13.1.2 A column strip is a design strip with width of 0.25 27 but
not greater than 0.25%] on each side of the column centre line. The
strip includes beams, If any.

13.1.3 A middle strip is a design strip bounded by two column strips.

The above, two sections, result in some concentration of design moments
in the short direction, of rectangular panels, in the column strip.

9This negative difference could be due to experimental error.
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b) 30, 32, 32 and 33 percent higher than the empirical method
moments., '
It can be seen that the direct design method agrees with, or
underestimates, the test mddel results for the negative moment for a

middle strip, while over-estimates the value of the negative moment for

a column strip.

Now, if the previously suggested reduction (of almost 10%) in
the negative moment was distributed, between the column and the middle
strips, it would decrease the gap, between the calculated moments and
the measured moments, for the column strip; and incréase it for the

middle strip.

If the whole difference is applied to the column strip values

only, bhe following results would be obtained.

a) The total, direct design, negative moments will become:

721, 621, 721 and 621 which are; 8 percent higher, 3 percent

! higher, 5 percent lower and 3 percent higher than the total
measured moments.

b) The middle strip, direct design, negative moments will remain:

15 percent higher, 10 percent lower, 11 percent lowerlo,

e e e e R e <

and 24 percent lower than the measured moments.
c) The column strip, direct design, negative moments will become:
423, 449, 520.5 and 447, which are; 5, 10, -3 and 20 percent

higher than the measured moments.

OAs mentioned before, this could be due to an experimental error.

w
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5.4.3 The Total Calculated Positive Moment of an Interior Span
is Approximately:

a) Equal, 12 percent lower, 26 percent higher and 17 percent

higher than the total measured moments.

This difference is represented in the following -table as a

percentage of Mb:

Total Column Strip Middle Strip
First level +0.17% MO +2.92 M -2.8%7 M
(Y-direction) ° °
First level ~4.9% M_ +2.52 M ~7.4% M
(X~direction) °
Second level - +7.22 M +6.4% M +0.8% M
(Y-direction) °
Second level ' +5.2% Mo +6.9% M0 ~1.6% MO

(X~direction)

From the above table it can be seen that, the calculated
positive moments overestimate the measured positive moments for the
column strip and under estimate the measured positive moments for the

middle strip.

From Figure 5.7 through Figure 5.10 (which show a comparison -
of the calculated positive moments and the measured positive moments
across a section for various loading patterns) it can be seen that, the
measured positive moment for a panel is almost uniformly distributed

across the width of theppanel.

b) From 14 to 15 percent higher than the empirical method

moments.

AL
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5.4.4 The Total Column Strip Moment of an Interior'Span,
Calculated by the Direct Design Method (line 6,
Tables 5.1 to 5.4) is Approximately:
a) 18.8, 22.58, 18.9, and 42.58 percent Higher than the total
measured moments (line 15, Tables 5.1 to 5.4).

l, 29.5 and 49.6ll percent higher than the total

b) 28.5, 48.5
empirical method column strip moments. Now, if the pre-—
viously mentioned reduction to the calculated column strip
negative moment is applied the following results would be
obtained:

- The total calculated column strip moment of an interior

span is: 8.4, 10.88, 7.3 and 27.58'percent higher than

the total measured moment for ‘a column strip.

5.4.5 The Total Middle Strip Moment of an Interior Span, Cal-
culated by the Direct Design Method (e.g. line 6, Tables
5.1 to 5.4) is Approximately:

a) 1, 238 and 196 percent lower than the total measured moments
of the model of this investigation (line 15, Tables 5.1 to
5.4).

b) 16 percent higher, 8 percent lower, 17 percent higher and
7 percent lower than the total empirical method middle strip

moment.

11

In the empirical method (ACI 318-63) the column strip in either
direction was considered to be that portion of the slab bounded by
the quarter panel on each side of the column line and the middle
strip consisted of the remaining central half panel bounded by two
column strips.
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5.5 END SPAN (P2 and P8 in the Y-direction, and P4 and P6 in the

X-direction)

Table 5.5 through Table 5.8,
Figure 5.11 through Figure 5.18, and

Figure 5.19 thrdugh Figure 5.22.

It is immediately noted (from Table 5.5 through Table 5.8)
that the empirical method is far from accurate (especially for exterior
negative moments) for an end span. Therefore, it will not be con-

sidered in this discussion.

5.5.1 The Total Calculated Panel Moment (Mo) is Approximately:

a) 9.3, 2.3, 5.8 and 4.1 percent higher than the total measured

moments (Figure 5.19 to Figure 5.22, respectively)lz.

It can be noted that there is a very good agreement between
the direct design method and the model test results for the value of

the total panel moment.

Errors in the constants necessary to calculate the moments
from the measured strains, and experimental errors couid account for
this small difference. On average the calculated panel moment is 5.4

percent (7.5 in y-direction and 3.2 in x-direction) higher than the

measured moment.

12All the comparisons, in the following discussion, for end spans will

be done in the sequence, .. . Figure 5.18 to Figure 5.22.
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5.5.2 THE TOTAL EXTERIOR NEGATIVE MOMENT OF AN END SPAN

The Code overestimates the value of the exterior negative

moment for the column strip.

The value of the exterior negative moment for the middle
strip is almost zero, however the measured moments show a small posi-

tive value due to the edge strip (3.25 in. wide all around).

Further tests were carried out with strain gages mounted on
the edge of the slab (in the middle strip) and the measured moments at

the edge in the direction perpendicular to the edge were found to be

Zero.

5.5.3 THE TOTAL CALCULATED POSITIVE MOMENT OF AN EXTERTOR SPAN
IS APPROXIMATELY:

10, 14, 9 and 13 percent lower than the measured moments.
The difference between the two moments (calculated moments — measured
moments) is represented in the following table as a percentage of Mo'

In the same table the value of "the calculated moments + the measured

moments' is represented between brackets.

- T




- 67 -

Total Column Strxip Middle Strip
First level ~5.7% MB +2.6% M ~8.37 M
(y-direction) (0.90) (1.09)° (0.72)°
First level -9.4% Mb +3.92 M 8 -13.3%2 M 8
(x~direction) (0.86) (1.13)° -(0.63)°
Second level ~5.1% MB +3.1% Mb ~-8.2% Mb
(y~direction) (0.91) (1.10) (0.73)
Second level —8.8%11"10 +4.87% MO8 ~13.6% M68
(x~direction) - (0.87) (1.16) (0.63)

From the above table it can be seen that, the calculated

positive moments overestimate the measured positive moments for the

column strip, and under estimate the measured positive moments for the

middle strip.

It must also be noted that the total calculated positive

moment under estimates the total measured positive moment.

From Figure 5.15 through Figure 5.18 (which show a comparison

of the calculated positive moments and the measured positive moments

across a section for various loading patterns) it can be seen that,

the measured positive moment for a panel is almost uniformly distri-

buted across the width of the panel.

Now, if the previously suggested reduction (of almost 10%)

in the interior calculated negative moment was applied (see the dis-

cussion of the interior panel P5) and the calculated positive moment

was increased by the same amount (to keep the total calculated panel

moment equal to Mb, which is in a good agreement with the total measured
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panel moment), and if this moment is assumed to be distributed uni-
formly across the cross section (the middle strip + the column strip)

the following results should be obtained.

a) The total calculated positive moments will become: 662, 596,
697 and 622 which are: 1 percent higher, 3 percent lower, 3
perceﬁt higher and 1 percent higher than the total measured
positive moments.

b) The column strip calculated positive moments would become:
331, 261, 348 and 272 which are: 2 percent higher, 6.8 per-
cent lower, 3.5 percent higher and 3.3 pércent lower than the
column strip measured positive moments.

c) Théimiddle strip calculated positive moments will become:
331, 335, 348 and 350 which are: 0.6 percent higher, 0.7
percent lower, 3.2 percent higher and 0.6 percent higher

than the middle strip measured positive moments.

5.5.4 The total column strip moment of an end span, calculated
by the direct design method (see Figure 5.19 to Figure 5.22) is
approximatelyi24.4, 25.6, 22.2 and 34.8 percent higher than the total

measured moments.

If the previously mentioned reduction is now applied to the
calculated column strif interior negative moment, the following results
would be obtained.

- The total calculated column strip moment of an end span

would be 18.7, 19.0, 15.7 and 27.0 percent higher than

the total measured moment.
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5.5.5 The total middle strip moments of an end span, calculated
by the.direct design method (éee Figure 5.19 to Figure 5.22) are
approximately: 14.2, 26.98, 17.9 and 29.48 percent lower than the

total measured moments.

5.6 EFFECT OF PATTERN LOADINS:

This effect is considered within the Direct Design Method
limitations (i.e. the uniformly distributed live load does not exceed

three times the uniformly distributed dead load).

5.6.1 MAXIMUM NEGATIVE MOMENT PATTERNS

Frofi Figure 5.3 to Figure 5.6 and Figure 5.11 to Figure 5.14
it can be seen that the Direct Design Method values for the maximum
negative moments are comparable to the measured maximum negative moments
due to the appropriate loading pattern. Thus no provisions are required

for the effect of pattern loadings on the negative moments.

5.6.2 MAXIMUM POSTITIVE MOMENT PATTERNS

See Figure 5.7 to Figure 5.10 and Figure 5.15 to Figure 5.18.
It can be seen that the Direct Desipn Method provision "13.3.6" is not

sufficient for the value of the positive moment in the middle strip.
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5.6.3 REVERSAL OF STRESSES

Dead load on all panels plus live load on panels Pl, P4, P7,
P3, P6 and P9 would tend to give a negative moment at the mid span of
the interior pamel P5 (strain gage no. 50) in the x—direction.
Similarly, live loads on panels Pl, PZ’ P3, P7, P8 and Pé tends to give
negative moments at the mid span of panel P5 (strain gage no. 50) in the
y-direction. The magnitude of these interior panel negative moments
depend upon the relative magnitudes of the live to dead load. Con-
sidering the extreme case where the live load is three times the dead
load (load factors of 1.7 for live load and 1.4 fof dead load need to
be considered), the extreme negative moments are a large proportion of
the correspohéing design positive moments, namely, -11.37 cf 19.7 and
-10.65 cf 28.6 for Mi and M&, respectively, for level 1. Similarly,
for level 2 the comparison'shows values of M& of -15.04 c¢f 20.1 and for

My of -16.59 cf 29.7.

Alternatively, the ratio of factored live load to factored

dead load not to cause negative moments can be calculated as below

First Level
D.L. = 86.2 psf

M = 4.16 1lb.in.

X
M = 5.65 1b.in.
y
L.L. = 313.8 psf on panels P1, P3, P4, P6, P7, P9
M_ = -15.53 lb.in
X

L.L. = 313.8 psf on panels P1, P2, P3, P7, P8, P9

M = -16.30 1b.in.
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Extreme values:

Negative values:

M = -11.37 (0.00)3
M, = -10.65 (0.00)13

Positive wvalues:

M= 4.16 + 30.69 = 34.85 (19.7)3
M = 5.65 + 36.87 = 42,52 (28.6)%3

Second Level

D.L. = 86.2 psf
M = 3.21 1b.in.
X
M = 4725 1b.in.
y

L.L., = 313.8.psf on panels P1l, P3, P4, P6, P7, P9
M = -18.25 1b.in.
L.L. = 313.8 psf on panels P1l, P2, P3, P7, P8, P9
M_ = -20.84 1b,in.
Extreme values:

Negative wvalues:

M = -15.04 (0.00)13 1b.1n.

X

M_ = -16.59 (0.00)> 1b.in.

y

Positive values:

33.15 (20.1)13 1b.1n.

M= 3.21 + 29.94 =
M, = 4.25 + 36.32 = 40.57 29.7)%3 1b.14n.

13M’oments calculated by ACI 318-71 "Direct Design Method", with
provisions for effects of pattern loadings taken into consideration.

i




- 72 =

Assume: D.L. D psf

L.L.

‘L psf

design D.L. = 1.4 D

design L.L. 1.7 L

Thus we obtain the following experimental moments values for

the First and Second Levels.

First Level

Due to a design D,L. = 1.4 D moments are
M_ = .0676 D

X
M = .0917 D

y .

Due to a design L.L. 1.7 L maximum negative moments are

M_ = -0.08415 L
X .

M = -0.0882 L
y

The extreme negative moments are

M% = +0.0676 D -~ 0.08415 L
M& = +0.0917 D - 0.0882 L

Second Level

Due to a design D,L. = 1.4 D moments are
M_ = 0.0521 D

x
M_ = 0.0691 D

y

1.76 maximum negative moments are

]

Due to a design L.L.

M = -0.0989 L
X
M =-0.1129 L
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The extreme negative moments are

+0.0521 D - 0.0989 1.

M =
E X
M& = +0,0691 D - 0.1129 L

Hence for a ratio of live load to dead load of .80 for level 1
and 0.60 for level 2 will not cause negative in nominally positive
moment regions.  The different values for the two levels is due to the

differing relative column stiffnesses for the two levels.
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CHAPTER 6

CONCLUSIONS

The following conclusions on the ACI 318-71 Direct Design

Method are based on the results obtained from the. tests_.conducted on

the model, which contained four independent sets of results (X-Direction

First Level, Y-Direction First Level, X-Direction Second Level and

Y-Direction Second Level).

a)

b)

c)

d)

The conclusions are summarized as follows:

The total static moment given by the ACI 318-71 Direct

Des%gn Method is accurate for all practical purposes.

The ‘.ﬂidth of the column strip specified by the ACI Code in
Clause 13.1.2 of 0.25 %, but not greater than 0.25 21 results
in too great a concentration of negative moment in the column
strip. This concentration of moment in the column strip is -
even less justified for the positive moment where the column
strip moment/unit width and the middle strip moments/unit
width are of approximately equal magnitude.

The effect of the concentration of positive moment in the
column strip together with aforementioned restriction of the
width of the column strip results in middle strip design
positive moments 25% less than those measured.

The provision "13.3.4.6" that a design moment may be adjusted
by up to 10% provided that the total static moment is not

less than required should be changed by eliminating the 10%
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limit. It is recommended that adjustment be ;éplied to
the negative moment.only.

e) The provisions for the effects of pattern loading "13.3.6"
are insufficient.

f) The limitation of live load to dead load ratios, of "3:1",
"13.3.1.5" is too high and results in a possibility of
develoéing negative moments in or near mid span of interior

panels.

The above stated conclusions cannot be translated into

recommendations because not enough parameters were taken into considera-

Test series are needed to study the following:

- The bending moment values for'an interior panel of a 3 bay x
5 bay.model,

- The effect of the equivalent column flexural stiffness to
the combined flexural stiffness of the slabs,

- The effect of the ratio of the longer to shorter spans
within a panel for the values 1.5 and 2.0,

— The effect of differences in the successive span lengths
(the successive span lengths need not differ by more than
one-third of the longer span), and

~ The effects of irregular layouts and boundary conditioms.
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c g1 Mean Standard-
Property (i osUnits Value Deviation Remarks

Tensile strength lb./sa.in. 12,000 500 Straining fate:

kg/em 840 35 1% per sec.
Flexural strength 1b!//sq.in. 20,000 1,000

kg/cm2 1,400 70
Shear strength 1b./sq.in. 11,000 500

kg/cm2 800 35
Impact strength ft.1b./in. 0.32 -

' of notch
Impact strength ft.1b. 0.2 -
%
Young's Modulus -~ 1b{/sq.in. 4.67x105 0.15x10 Moduli in flexure,
in flexure kg/cm2 3.34x104 0.1x10% tension and comp.
substantially the
same
Pyramid hardneés - 22 -
*

Poisson's ratio - 0.35 -

TABLE 4.1 MECHANICAL PROPERTIES OF PERSPEX AT

% .
Those values were measured at 70°F (21°C)

68°F (20°C)

. IR
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FIG. 4.7 THE TEST FRAME

FIG. 4.8 THE MODEL AND THE INSTRUMENTS
USED DURING THE TESTING OF THE MODEL




FIG. 4.9 THE MODEL AND THE INSTRUMENTS USED DURING THE TESTING OF THE MODEL
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FIG. 4.10 LOADING SYSTEM

FIG. 4.11 ELECTRICAL STRAIN GAGES AND THE DEFLECTION DIAL GAGES
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MEASURED MOMENTS , FOR AN END PANEL
IN X -DIRECTION. SECOND LEVEL.
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; ] -ve MOMENT | +ve MOMENT
’ negrjigvh;ENT ss%rrgi;gve ' AN
FIRST  LEVEL COLUMN { MIDDLE {COLUMN | MIDDLE | (Ib.in.) | No.
STRIP | STRIP | STRIP | STRIP
" -793 +389 -
. *
roTAL (1b.in) (~608.6) (+340.1)" 5
-velor+ve) | o, OF Mg @ 71.5% 35% - 3
MOMENT 1 o, oF (Mp)™ (687" (38%) * - 4
'(%OFMo)b (54.8%) (30.6%) )
KoP M -595 | -198 +233 | +157 1109.9 - 6
T B b.in.) . A %
@ w (Ib.in)  -447.55K-161. 134 (+196.9)|(+143.2) | (894.9)L_ 7
M N .
o
5 GS_ COL {ORMID.}| o oF 75% 25% 60% 40% - 8
g STRIP -velor+ve) | % * * *
- . - (73.5%)7K26.5%) " |(57.9%) |(42.1% -
% OF Mo @ | 53.6% |17.9% 21% 14% 10
%OF(Mg) ™ | (500)*| @em*| (221 (16%)* 1
(% 0F M) [(40.3%) [14.52) |(17.7%) |(22.9%) 2
> TOTAT (b i) -667 +387.5 - 13
- -velor+ve)
B Q| MOMENT % OF Mo 60.1% 34.9% - |4
Z ke
= Gptiny | 496, |-171. |+201.3 | +186.2 —15
-F < Z | COL.(OR MID.) —or—5F
WY sTRIP -veloreve) | 74.4%  25.6%| 522 48% - 16
o MOMEN
= MOMENT
L - % OF Mg 44,7% 15.4%| 18.1%| 16.8% 17

TABLE.5.1: COMPARISON OF ACI MOMENTS AND EXPERIMENTALLY

MEASURED MOMENTS , (FOR AN INTERIOR PANEL
IN Y-DIRECTION .FIRST LEVEL)

%
a

ACl

ACl 318-7I

318-63

b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 3i8-63) /(Mo BY AC! 3i18-71)
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i j -ve MOMENT | +ve MOMENT ,
" - ’
S MOMENT sebTIONS bo |
FIRST LEVEL COLUMN [ MIDDLE |COLUMN | MIDDLE | (Ib.in.) | No.
STRIP | STRIP | STRIP | STRIP
M -689 o +33% -
ConLT Lo lei . 8)
_ - - SISy,
TOTAL (1b.in. (~521.6) (+291.5) L2
~veflortve) | <, oF M, @ 72.2% 35% . 3
MOMENT | o OF (Mg) (68.0%)* (38.0%)* 4
(% 0F Mg) ® (54.6%) (30.5%) 954.9 | 5
— - 6
TeE ( M N A eI R R
ib.in. A
22y "7 |(-335. 65 (<186:0) | (+147.75|(+143.8) Y767 294 T
O - —
S o =| COLORMID) o, oF 75% | 25% 60% | 407 - 8
<< < STRIP -velor+ve) ‘64'37 * * * %
MOMENT: | MOMENT (64:3%2)7X35.7%) " |(50.7%) (49.3%) - 9
% OF Mg 9 | 54.2% 18% 21% 14% - 10
* o x * # *
% OF(M) ™ [(43.8%)"(24.2%) " |(19.2%) |(18.8%) Ny
(% OF Mo) ° [(35-1%) (19.5%) |(15.5%) |(15.1%) 1o
M -600.6 80.8 _
> TOTAT (b in.) +3 I3
- ~ve(or+ve) -
8¢ | MOMENT % OF Mo 62.9% 39.9% ~ 14 ‘
Z b
L'zJaE (lein.) -409.1,3k-191.5 [+176.4 | +204.4 — 15
&= <t = | COL.(OR MID.) —o5F
I g g STRIP -V?A((O){;-E\lj\le 68.1% 31.9% 46.37% 53.7% = 16
a.
MOMENT
5 % OF Mg 42.8% | 20.1%| 18.5%7| 21.4% |7

TABLE.5.2: COMPARISON OF AClI MOMENTS AND EXPERIMENTALLY
MEASURED MOMENTS , (FOR AN INTERIOR PANEL
IN X-DIRECTION .FIRST LEVEL)

* AClI 318-~63
a ACI 3i8-71
b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 318-63) /(M BY ACl 3I8-T71)
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T
-ve MOMENT | +ve MOMENT
yl negative yl positive ‘ Mo LINE
NG LEVAONS COLUMN | MIDDLE |COLUMN | MiDDLE | (1b.in.) | No.
STRIP | STRIP | STRIP | STRIP
M -802.5 +389 -
i * *
TOTAL (1.in) (-608.6) (+340.1) - 2
-vefort+ve) | o of Mg @ 72.3% 35% - - 3
* &
MOMENT | o oF(mg* (68.2) (38.%) 4
1 (% OF My) b (54.8%) (30.62) - 5
K@ M ~-602 | -200.5 |+233  [+156  |1109.9 |- 6
P = (b.in.) * %
ooy ANl 447,58 (-161.15)(196.9) *t+143.2) *| (894.0) | 7
= :
S 5 =| COLLORMID) o, oF 752 | 25% | 0% 407 - 8
< < STRIP -veflor+ve) | % % * *
- " (73.5%) [(26.52) " |(57.92) " | (42.1% =
MOMENT.. | MOMENT ) |¢21w 9
% OF Mo 9 | 54.27 | 18:1% |21% 14% ~ 10
* * * *
% OF(M)™ [ (50.%)7 [(18.%)" 22.%)" | 26.%) -1
(% OF M) Plwo.sm [aa.sn 7.7 | @z.0m L2
> TOTAT (b in) ~764.9 +308.7 -13
.-J . 0
= -velor+ve)
l<_[ .| MOMENT % OF Mg 68.9% 27.87% - 14
i E = : A
o=t (biny  |-539.7 |-225.2 [+162.6 |+146.1 - 15
= < = COL.(OR MID.) o5
0 Lug STRIP -ve(or-z-vgr) 70.6%Z| 29.47% 52.7%| 47.3% - 16
o = MOMENT MAMEN
x % OF Mq 48.6%| 20.3% | 14.6%| 13.2% 7

TABLE.53: COMPARISON OF ACI MOMENTS AND EXPERIMENTALLY

MEASURED MOMENTS , (FOR AN INTERIOR PANEL
IN Y- DIRECTION ."SECOND. LEVEL)

% ACI
a ACI

318-63
318-71

b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 318-63) /(Mg BY ACI 318-71)
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-ve MOMENT | +ve MOMENT
yl negative yl positive - Mo LINE
Ny SEGTAONS COLUMN | MIDDLE [COLUMN | MIDDLE | (1b.in) | No.
STRIP | STRIP | STRIP | STRIP
M -697 +334 -
Ib.in. * *
TOTAL (1b.in) (-521.6) (+291.5) ~ 2
~-velortve) | o, oF Mo @ 73% 35% . - 3
* *
MOMENT o OF(MO)* (68.0%) (38.0%) — 4
[ (% OF Mg) b (54.6%) (30.5%) - 5
— 10 - 5
N M -523 -174 | +200 |+134 954.9
. * % *
© @ i (Ib.in.) {3356 | (-186.03|(+147. 73 (+143.8) "] (767.25L -
MmN o ——
S o =| COLLORMID)| o, oF 75% 25% | 60% | 40% - 8
<< STRIP -velor+ve) | & % * *
MOMENT. | MOMENT |(64.3%)| (35.7%)| (50.7%)| (49.3%) — 9
% OF Mg 9 | 54.8% | 18.2%2 | 21.%2 | 14.% — 10
& *| * *
% OF (M) ™ | (43.8%) | (24.3%) |(19.3%) " (18.8%) 1 |
(% 0F M) | (35.12) | @9.5%) |as.5%) (15.1%) P
S TOTAT (le. -602.6 +284.5 — 13
3 .in.)
- -vel(or+ve)
< MOMENT % OF Mg 63.1% 29.8% — 14
Eup@
5= M. -372.2 |-230.4 |+135.1 |+149.4 - 15
=Y (tb.in.)
o= < ~O—> COL .(OR MID.) S OF 61.8% o o .
EEE STRIP -v(Brive) 1.8%| 38.2% | 47.5%| 52.5% 15
T
> MOMEN % OF Mg 39.% | 24.1% | 14.17] 15.6% 17

TABLE.5.4: COMPARISON OF AC! MOMENTS AND EXPERIMENTALLY

MEASURED MOMENTS , (FOR AN INTERIOR PANEL
IN X-DIRECTION . SECOND™ LEVEL .)

* ACI
a ACI

318-63
318-7I

b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 318-63) /(Mg BY ACIl 318-71)

RO %<~




Fm,,_
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-ve MOMENT | +ve MOMENT
yJ, negative yl positive ‘ Mo LINE
MOMENT SECTIONS COLUMN| MIDDLE |{COLUMN | MIDDLE | (1b.in.) | No.
STRIP | STRIP | STRIP | STRIP
M -253 +590 — |
H * *
TOTAL (Ib.in) (-447.5) | (+429.6) -2
-velor+ve) | o, oF Mo @ 22.8% 53.2% - 3
% *
MOMENT o/o OF(MO)* (50%) (48%) | 4
) (40.32) (38.7%)
1 (% OF My) ~ 5
— ™ -
<o " --253 | 00.0 | +354 | +236 [1109.9 [ ©
| I W~
ib.in. * %
ooy Ub-in-d 1 (_358.0Y(-89.5) *k+250. 637 (-179.0f | (894. 93 |- 7
= , !
S o =| COLLORMDI) o, oF 1002 | 0.0% | 60% 40% - 8
<< STRIP ~velor+ve) | g7t I3 % 9
MOMENT.?-: MOMENT (80%) (20%) | (58.3%) (41.7%)
% OF Mo @ | 22.8% | o0.0% | 31.9% | 21.3% — 10
BOF(M)™ | (40n) | oz) | (28%) | (20%) ~ 11
(% 0F M) ® [(32.22) | (8.1%) | (22.6%) |(16.1%) -
M _ _
> TOTAT (b in.) 56.3 +653.8 13
= -ve(or+ve)
< MOMENT % OF Mg 5.1% 58.9% — |4
Ewp
nE5= M, ~104.3 | +48.0 |+324.8 | +329 - 15
=y (1b.in.)
= < =| COL.(OR MID.) "5+ - -
Ul graip ~velaive) - - 49.7%| 50.3% 16
L 4
> MOMENT o 0F Mg 9.4% | -4.32 | 29.3%| 29.6% 17

TABLE.S5.5: COMPARISON OF ACI MOMENTS AND EXPERIMENTALLY

MEASURED MOMENTS , (FOR AN
IN Y-DIRECTION .FIRST LEVEL)

* ACI
a AC!

318~-63
318-71

END

PANEL

b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 318-63) /(Mg BY ACI 318-71)
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~ve MOMENT | +ve MOMENT
yJ, negative yl positive ) Mo LINE
MOMENT SEEONS COLUMN | MIDDLE {COLUMN | MIDDLE | (1b.in)) | No.
STRIP | STRIP | STRIP | STRIP
" -171 +528 - |
. . %
TOTAL (ib.in) (-383.7) (+368.3) - 2
-velortve) | o, oF M, @ 17.9% 55.3% - 3
.'*
MOMENT | oo oFtMg™ | (s0. %) 8. * - 4
1(%0F M) (40.2%) (38.62) -5
—m™
B M 171 00.0 | +317 |+211  |9s4.9 [ 6
T .
Ib.in. %
@ @4 (Ib.in.) | 268.63 (-115.13|+188.03[+180.3) k767.2) * 7
= ‘
55 =| COL.ORMID.)| ¢ of 100% 00.0%% 60% 40% - 8
<< STRIP -velor+ve) (762 (307'
MOMENT: | MOMENT - D | O | ¢om 7
% OF Mg @ 17.9%| 00.0% | 33.2%7 | 22.1% — 10
* * *
%OoFM)* | 3507 s @4.573| 23.50)* 11
(% OF M) bl (28.1%) (12.1%)]| (19.7%) | (18.92) |2
>~ TOTAT (b in) -30.4 +617.5 -3
- ~velor+ve)
< A MOMENT % OF Mo 3.2% 64.7% - 14
=y
Z e
bsz M. -84.4 | +54. |+280.. |+337.5° — 15
=uv ('b.ln.)
E <t = COL.(OR MID.) o OF '
W g % STRIP ..VEA(S{;;}-EKJe - —-— 45-3%‘ 54-7% [ l6
> MOMENT ' )
x % OF M, 8.8% | - 5.7% | 29.3%| 35.3% 17

TABLE.5.6: COMPARISON OF ACI MOMENTS AND EXPERIMENTALLY

MEASURED MOMENTS , (FOR AN

END

IN X-DIRECTION .FIRST LEVEL)

318-63
318-71

% ACI|
a ACI

PANEL

b (COLUMN AND MIDDLE STRIP MOMENTS BY ACI 3/18-63) /(Mo BY ACI 318-71)
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-ve MOMENT | +ve MOMENT
yl negative yl positive : Mo LINE
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ek 28 ¥ 100 * 18.0 =x%x 59 * 1S.0 * 14.0 *rxk
k& * * %t * * xEXx
&k 29 11.0 = 0.0 *% 60 = 0s0 % ~3.0 *x%
g2 * * % * * b2 2]
*x% 30 % 19.0 % 25.0 %* 61 % 12.0 =« 0«0 &%%
*% kK & & xx * * X33
Tk 31 * 16.0 * =340 X%k 62 * 12.0 * 0.0 kK
X%k * * *% * * X

t**#*t*&*##t*****###*###*###*#&t#**##tttt*t*t***##*ttt**#t**#*t##t##
#*4*‘###***#*##*&&‘t**t#tt#t#*ﬁ**#*##t#*#*##**######t**&####t**&***#
*tt####*#t#t#*#****#*#&#t#*ﬁ**ﬁt#*#***##*#t##t##*t**t**#***#*##t#*&t

TABLE A.15°




) - 173 -~

&#t##&*t#*#*t*#**#*###*#*t#*#*t*###tt#*t##t‘#t#t##tttttﬁ‘#‘#ttt*t*t*
6##***#*#‘###*t#?****#*‘****#**##*#lt*##*ﬁ‘tt*t#t#tt‘tttt*tt&t#tt.tt
t**#*##t*#*##*#*#*#####*tt##**#t#t#t##tt#ttt#*“*t#*‘#‘tt*t&t##t**#t

*%& kX
k& &%
*0 % STRAINS DUE TO UNTFORM LOAD = 200 PSF ON PANEL P7 %%
L2 3] . *kx
(22 ' LOAD NO 16 SECOND LEVEL b
L 22 x&kk
*kx *ExX

‘*'#**#**#**#########**t*#***t####ttttt***#*t##&*t#ttt##*#*tttt#t#tt
*##t*#******#####tt#t##*t#t*#*#&*#*#tt&*ttttt#§#ttttt####t**tt#t#“#
t*###*#*t&####&##*##t#**t##***##**#‘t#t##t#t*##t*t*#t*###*#t##*t#ttt

*##t##*#&t#*#&t##t#f##*#t#‘**t*t*3##‘##;*&*##“***###tt##*t*&*tttt*#
t#&######t#*##t*&***##*##*t##&*##t####it**t*h*##*t*t##*#*‘#*t#tt**tt
‘#c#&*##**#ﬁ*t#####*&*##**t##**###&t#*###&#%*#**‘#tt*&#**tt#t#tt#*tt

S * * ¥ * * *k&
%% GAGE * SVRAINS & STRAINS %% GAGE * STRAINS & STRAINS ° *x%
*xo e * * *% * * * g%
*E NO * X~-DIR. ¥ Y-DIR. *& NDO & X-DIR. & Y-DIR, *%%
k% * -6 * - ** *® -6 * —f *%%
L * IN X 10 * IN X 10 5 ¥ IN X 10 © % IN X 10 Thk
PP * * ¢ * * * Kk

t##*#*####t**#t*#t**##t#*t*#***t###t*#tt#*#####*#*##**tt#*t*#***tt*t
***#**#*#**#*t*t#*#*##t***##**####*#***##**k##***#*###*t#*##**#t**#t

ET T * * % * * k&
*hx 1 * 90.0 ¥ -182.0 % 32 * 3.0 * 9.0 * ok
Tk * * Y 2 * * &k
&% 2 * "TTa0 * —4740 & 33 *® -59.,0 * —84.0 &k
D&k * * *% * * *hk
* k& 3 * 18.0 * 111.0 Tx 34 * -48.,0 * -28.0 *&k%
&% * ¥ % & * ok
B e 4 * 18.0 * 73.0 *% 35 % 8.0 * 32.0 ¥k
k¥ * * % * * *&2
*¥E 5 * ~2.0 * 65.0 %% 36 * BsO * 41.0 *&k¥
Y33 * * % x . P
Tk 6 * —24.0 * 42.0 %k 37 * 4.0 & 41.0 &%
%% * * I T * * ¥k
Tk 7 * 2.0 * 21.0 *% 38 * 2.0 *x 30.0 Tk
k% % * #¥ % % k%
&Rk 8 * —1a40 * 0.0 * % 39 * 0.0 * 20.0 * k%
k& * * *% * ® Py
k% 9 % w=1e0 * 3.0 %k 40 x 1.0 * 7«0 Tk
*Ek x - * ¥ * * *hx
*Ek 10 * 93.0 * —-196.0 % 4] * 1.0 * Se0 *&k
*x & % * % * * Tk
E 2 3 11 * 32.0 * 92.0 %k 42 * ~102.,0 * —6240 k%
Tk% * - x *x * *® *ek
£ 2% 4 12 * 8.0 & 36.0 * % 43 % -10.0 * 68.0 %%
PTY ] * * "% % * EE T
*E&t 13 * 5.0 & ~140 *% 44 * 0.0 * 2840 X2 3
LYY * % % * * k%
k& 14 % 180.0 * —~219.0 =*% a5 3.0 % 0.0 %22
Tkx * * ¥ * * EY T
*&k 15 * 4040 * 37.0 *& 46 * -78.0 * ~55.0 &%
1233 & * x¢ * * TS
*xE 16 % 6.0 % 32.0 %% 47 % -32.0 % 4040 k%%
xRk * * *t % % TS
Tk & 17 * 7«0 * 2.0 ¥% 48 *x —2.0 * 2440 k%
kK * * *x * % k%
k% .18 x 150.0 % —-219.0 %% 49 % 2,0 % 7.0 #kx%
[2T * * % * % k%
E 23 3 19 * 127.0 * —-73.0 % S50 * -31.0 % -55.0 * %%k
®o% * % &% * * oK
*kk 20 % 8.0 ¥ 35.0 #x 51 x% ~-49.,0 =% 0.0 &x%%x
LTS * * % * * &k
*kh 21 * 23.0 * S50.0 % 52 * —25.0 * 34.0 EE 23
6% * * % % * *a%
*&k 22 * 20 % 40.0 &% S3 * 0.0 * 40.0 &kk-
T YS * * &% & & ek
*& % 23 * 13.0 * 2440 &% 5S4 * —3.0 * 25.0 *%*
ETYs * * 't * * LTS
k& 24 * 240 * 7.0 *% 55 ¥ -5.0 * .19.0 %%
k% * * % * % * ok
LX -3 25 * 144,0 %* ~80e0 *%* 56 * 5.0 * 8.0 L2 4
£x% * & x% * & *tx
k% 26 #* 18.0 * 30.0 * % S7 * 1840 * 92.0 *kkx
2T * % *% * * PP
k%% 27 * 260 * 34.0 *% 58 * S.0 * 37.0 * k%
TS % %* ** & * &k
&k 28 * 5.0 3 -125.0 *& 59 % 12.0 * 37.0 Tk
rxe & . * "% * * &%
k&% 29 * -9.0 * 12.0 *% 60 * -1l.0 * f 1.0 k%
%% * * *% * * T3]
*k % 30 * 240 * 55.0 & 61 * 1.0 * 6.0 *k &
Th% * * *% * * kX
Tkk 31 * 2.0 * 26.0 x% 62 * 2.0 * 6.0 xk
*2% * % s * * ok

t#*##*#*###****#*#**#t**###*#*#*8#*##*t###t#t###*#t***#**ttt*i##t***
***#*ﬂ#*******###*t*###**#***tt#&*#**t*tt#{*t##vt####tt*##v*#t###*t#
t**#**###tt***###*#:*###t*#*t*#t#***&#*t*#****#***#tt#*k*###***t###t

TABLE A.16
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##t###ttt*#t#a#t#t*t#tatostt*t**pt#t##tttttttc#**tt#ttt&t#ttt*tt*ttt
##t#t*####*#**##*#*###*#ttt#t***tt‘tt**tt#*##*#nt*vﬁ#*#‘t*t*'#*&##tt
#t**t*'tt#t*t##*#tt*####*t####*‘&¢¢‘#tt&##t##t*#&##‘{##t#t#‘###t‘###

ok xkxk
LR 2 4 *kd
L3 33 STRAINS DUE TO UNIFORM LOAD = 200 PSF ON PANEL P8, *kk
*&k cxx
*&k& LOAD NO 17 SECOND LEVEL k&
*&¥ (.3 3
L3 ¥ : (32

“#‘*t*‘#ttttt*##*t#*#*t##t#t#‘##t#*###‘t‘*##t*#**#*#***#*&###*tt*#*
##*#*4###*t##*##t#**‘##*t#t*##t#*tt#*ttt##&ttt*#*##*#t*t**#*###“*t*
*###*##*t##t**#“##*‘*##*#*tt‘#*#*#»#t*#*t#t*t*######**‘#t#t#t*ttt#‘

#t***###*##*ﬁ***t##****&#**#ttt#ﬁ*t**t*tt##tt*#t*##***#***t**#*#**t#
###t#t*t**#*i##**#####*t*####t#t##t##*#t***#*t#t*#*&*#***t**t#tt#*t*
*#t***#**##**#****#*##*t##***t*##**##*#*#t***t#***#*#**#‘t###*tt*t*t

2Ex * * Py * ™ T
#&% GAGE * STRAINS * STRAINS *& GAGE % STRAINS * STRAINS E3 33
*E¥ * & x% * < . 1Y
L2 2 NO * X~DIR * Y=-DIR. *% NO * X=DIR. * Y=-DIR. kg
'TY] * -6 * -6 *% . * - -6 *E*
ek * IN X 10 * IN X 10 * £ IN X 10 £ IN X 10 ok
k% & * % * * xe%

##*t##**###****#**&t*#**#*tt*tt**tt###*#***#**tt*#*##**##***###*tt*t
#*#**##**#@#**##t&##*&#***t##*##t*#t**#**#ttv##*###******##*#*&#**##

&% * * X * * xeg
tkk 1 % 15.0 = ~-60.0 %2 32 =% 1.0 =% Ce0 k%%
¥ & . % % * * Tk k
L L 23 2 % Se¢0 * -23.0 #% 33 =» ~-52,0 % ~95,0 *%%
k&g * * *% & * sk
k& 3 =% 3.0 % 2140 ®% 34 = -24.,0 = —50.0 *&%
k%% * * % * * P33
k% 4 % 3.0 % 110 %% 35 % 20,0 % 25.0 %%
L] * * e * % Kk
L S x 13.0 % 160 ** 36 x 20.0 * 2340 k%%
L3 * * % * * Kkk -
k& 6 =% -4,0 * 10.0 *% 37 x% 13,0 =* 1640 k%%
k% % * % * * Sxk
P22 7 % ~3.0 % 5.0 %% 38 % 4,0 * 6.0 K%k
wEk & * % * * * P2 3
L33 8 % -10.0 * =340 %% 39 % 4,0 *% 3.0 A&k
LT ¥ %* > * b * * ER 2
e 9 % - =10e0 % —3«0 ¥¥ 40 x -3.0 % 0e0 ¥k
k% * * *% * &« Rk
*%& 10 % 2.0 * -57.0 %% 41 % ~3.0 % 0.0 *&x%
P2 ¥ % % £33 & % Rk
*&E¥ 11 % -6e0 % 25.0 %% 42 ¢ 0.0 * -130.0 *%x%
33 % * *% % & . : kK
*kx 12 % ~1le0 % 13.0 %% 43 =* 2.0 % 44,0 &%k
&k % %x . x4 * %* skk
*%xE 13 % -1.0 % —S5.0 %% 44 *x 4.0 % 00 *%x
*% ¢ * & *% * * Tk
X% 14 % —19.0 * —~60.0 %% 45 % 2.0 * —~16.0 k%%
L E2 3 %* * ¥ * * kK
*%xE 15 * —2640 25.0 ** 46 * 80,0 * ~186.0 #%x%
* k% * & [T * * k%
*%E 16 * —1e0 * 16.0 *%x 47 « 16,0 = 100  *%%
*k % * %* *& * #® ¥k
k& 17 % 0.0 =* ~1.0 %% 48 «x 4,0 =% 640 %%
k¥ * * £33 * * k¥
k% 18 % —40.0 % —64.0 %% 49 % 4.0 * 0s0 *%%
¥k * * % * * Kk
&EE 19 % ~46.0 % —20.0 *% S50 * 97.0 % ~19640 H&*x
*k %k * * Xk * * b2 3 3
&%k 20 % ~28.0 ¥ 20.0 %% S1 =% 92,0 * —~84.0 ik
E 21 * * £ T & * etk
*EE 21 % —18.0 % 12.0 *¥x 52 =% -8.0 * 7«0 %%k
e * 3 *% * * Tk k
*k& 22 % -5.0 % S.0 *% 63 =% 6.0 % 24,0 &k
2] * * % * * ek
®ex 23 % ~84.0 ¢ 0.0 ** 54 ¥ 0.0 % T«0 *%%
*x g * * *¢ % * Xk
& 24  * ~1+0 % 0.0 ** S5 x 9.0 * 0.0 *xx
gk * % *% * * Tk
5%x& 25 % —62.0 % —-80.0 ** 56 * 4,0 % 0.0 #*%
E 22 * € *% * * Kok
xE%k 26 % —31.0 % 30.0 %% 57 %’ 3.0 =% 1640 k&%
X 23 % & L2 * & ¥k
TEk 27 ¥ 0.0 * 15.0 ** 58 % 22.0 «x 24,0 %x*%
E 2 £ * * £ 2] * * Xk
cxk 28 " % 1e0 % ~80.0 *& SS9 & 17.0 * 24,0 $*x%
E 3 23 * * *& * * EX 2]
*¥xk 29 x ~83.0 * —-4.0 %% 60 % —10.0 % ~3e0 *%k%
L L X * % &% * & EZ 3]
&% 30 * —15.0 =* 62.0 %% 61 * ~3.0 % 0«0 *%%&
E2 Y] * * x% * : * ckx
txk 31 % 2.0 % 10,0 2% 62 ¢ -3.0 * 0e0 %%%
2T %* & ¥ * % xn%

**#*#*##&&#*t****#t##*&##t**##t###*3###*#t#***a*t#**&&**##*kt#t#**t*
##&*#*3#**#****###**#**#*t##***#*tt**#t*t#tk***t*tt#*##*t#**t*#*****
tt*tt**#**&***#**‘###**#t***t#t#t*t***#**#****#*&t#t*#*##t*#***t***t
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0***#*##*‘##‘#*&*###***‘##**k###tt**t‘#tt&*#t#tt#t#*&#*##*&***#t##*#
#tttt**#*t#*t‘t*#t##***##t#‘##*#‘*##*#t*#t#&#k###t“**#tvtt**#ttltttt
0‘*##*#*#*##l‘&#*###a**tt*#*#‘#t*t####‘*tt*####tttt*####*##‘##ttttt#

[ X X k¥
* &k s
*%& STRAINS DUE TO UNIFORM LOAD = 200 PSF ON PANEL P9 LE 2
*Ex ‘ L2 23
X LOAD ND 18 SECOND LEVEL *E%
&% % ’ *& Xk
L2 34 : (32

‘&***t***##*#t#*****##*t###***ti*t#t*#t#tt#tt#t&#t#t‘iﬁ**#**#t‘t#t**
t#######*#**t#*#t*tt#ttt*t##*#tt####**t&ttt**#**kttt#t#t*##*&t&&ﬁt#t
##**###t###**####*##*‘#t*#*##*#t##t*‘##t*#*##*#*t##t####%##*###*****

FERR AR R AR R R R C R AR AR AR SRR R R R SRR AR EE SRR Sk Sk AR KB E
B DR R R R A R e R AR R R R R RN R R R AR A R R E R SRR AR GRS AL S E E kKGR & & o
bbb it b ia R Rl EE L e T 2 L L L L LT ROO0NPMDPMPRROSSMDI
'TY; * * % * * R

*&% GAGE * STRAINS & STRA INS ** GAGE ¢ STRAINS % STRAINS *&¥%
*us * * Y * * . Ty
*¥% NO *® X=-DIRe % Y-DIR., #*% NO x X-DIR. # Y=DIRs *%z
XEX & -6 * 6** * -6 * —f *rx
(2 3 3 * IN X 10 * IN X t0C * % « IN X 10 * IN X 10 Tk
> * *® & * * xt*

RSSO BRI E RISt ab ettt T I T L T T i
pvbiib b bbb A A AR R R AR L R g D D O PP MNP
*

E3 2 * % % * L3 33
Tk 1 % 0.0 % 0.0 #%x 32 =& —-240 % 240 ¥x%
(333 * * *% % * £33
% 2 % B.0 * 1.0 %% °33 =& 21.0 =% —=37.0 k%%
ok * * *& * * cex
LE X 3 =% 0.0 % 4.0 *¥x 34 « 35.0 =% —Se0 Hxx
E 3 23 « * *& * * P23
(232 4 x 0.0 % 1.0 *% 35 & 12.0 * 19.0 &%
Xk & * * *% * % 2T
(3 2 S % -16.0 % S0 %% 36 % 12.0 = 11,0 %Xxx%
TR * * k% * * Xk
[T 33 6 % 0.0 # 4.0 % 37 % 21.0 * 160 %%z
13 * * k% . & * *xk
&% 7 % 3.0 = 4.0 *x% 38 % 2.0 = 150 %&x%
s % % %* x% 3 % ek x
X & 8 % 1.0 = 3.0 %% 39 *% -2.0 % 90 *ik%
xxX * . * * & * * L3S
E X3 9 % “ 1«0 ¥ 1.0 *%x 40 % 0.0 =* Be0 %%%
E 3 23 * % &% x % L2 3]
k% 10 % 6.0 % ~1.0 *%* 41 ¢ 0.0 * 2¢0 ¥kx%
ET 33 * &= & * * k%
ek 11 % 3.0 = 2.0 ¥ 42 & 13.0 = —48.0 t%xx%
L2 3 & : * % * %* &k
*¥x% 12 % 2.0 % 640 *% 43 = 8.0 % 3740 H%x%
L 233 * & . EXY * * Xk
k% 13 % -4.,0 *x 3.0 %% 44 ¢ 6.0 % 1660 x%%
FhE * x *% * * *&x
*&& 14 % 12,0 #% —640 ¥k 45 x —2.0 =% De0 k%%
ot & * * *& & * P32
*¥& 15 % 6.0 % 4.0 T* 46 % -15.0 % =53¢0 Xk%
L33 * * *% * * Ttk
% 16 % 440 % 6.0 %% 47 # ~13.0 =% 40.0 %k
2 2] * * T3 * * E¥ 33
x&¥ 17 % -3.0 % 3.0 ** 48 « 0.0 * 2840 %k%
Tk * * *% * & L2 3
&% 18 % 14,0 % —10.0 *% 49 % -140 % . BeD tkx
k& * * & * * * ok
ke 19 = 22.0 & 6.0 *% S0 % ~34,0 % —5240 *%%
e * % & * & kX
k% 20 % 3,0 % 15.0 #*% S1 % -47.0 = —3e0 H%x%x
TE% * * *& * * Tk
*xx 21 X% 10.0 * 13.0 %% 52 % —~27.0 % 44,0 *x%x%
X% %* * *& % * Fxk
*kx 22 % 0.0 * 110 ®% 8§53 % -2.0 * 39.0 &*=2
L33 * * % * * 13T
k% 23  x S.0 * 14.0 &% 54 % —3.0 =% 31.0 #%%xx%x
k% * * % * %* Exx
*E&x 24 % 1.0 % 7.0 *x& 55 % —4.0 % 180 %%%
fxx. - * & £* % * E 3 T
*&% 25 % 28.0 x -840 &% 56 %, 2.0 % 13.0 ¥«
k& * * % % ) * Tk
¥ 26 % 12.0 % 19.0 ** 57 * .. .™. 0,0 * 2.0 %%
X%k * * *% & - * kK
ek 27 x 6.0 % 12.0 **x 58 = 11.0 * 150 *%%
*EX % % % * * %%
k% 28 % ~-3.0 % —2840 %* 59 x 14,0 % 1S5S0 #%x
L T2 * * *% * * £k
% 29 & 30.0 =% 8.0 %¥ 60 % 1.0 *% 2.0 &%
B'TT %* * xx E * X T
*%x% 30 ¢ 12.0 =% 30.0 *%* 61 ¢ —6.0 % 5.0 *&xk
E2 23 * % % * * ek
%% 31 "% 840 x 10.0 && 62 =% 7.0 % Se0 ¥k
ok % * % * *® * A%

DBt hb i id i dd s T e T Ty T T LT LT T Ty
POt bbbttt di s i T T Y P T L L L L T T TP
R e L Y T T T T LT T T T IMp B e e
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LOAD No: | - — O — B
FIRST LEVEL
@ —— ) — ) —— O

STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG® "|cacE| INX10® |cace| INXIG® | cace| INXIGS
No. No. No. No.
€x | €y Cx |Ey CSx | €y Cx | €y
63 + 68| 74 +90) 85 [-690 | . | 96 | - 50
64 | [-a78] 75 -490 | 86 |+280 | - | 97 | - g9
65 -676 || 76 +60| 87 |- 42 98 | -170
66 +346 | 77 +554 | 88 |-410 | - | 99 |4 22
67 652 | 78  |-1052) 89 |-610 100 | -490
68 +220 ] 79 -300 | 90 |+240 101 | +530
69 -582 | 80 +324 || 91 |-543
70 1060 81 +620 | 92 |- 68
71 -140 | 82 -600 | 93 |+210 18T +188
22T -720
72 ~446 (| 83 | - 85|. x| 94 |-680 50T + 38
73 -574 | 84 | -370| "o 95 |-370 54T 670

TABLE A.I9 STRAINS DUE TO UNIFORMLY: DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.16
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X
LOAD No:2
FIRST LEVEL
STRAINS STRAINS STRAINS STRAINS
-— “ - - —6
GAGE| INX10° | 6aGE| INXIO® |eace| INXIT® | 6acel INXIG
No. No. No. No.
€x | €y CSx | €y Cx | €y CEx | €y
63 + 70 | 74 + 30 85 |+ 33 96 | -290
64 -65 | 75 450 | 86 |- 10 97 | -260
65 - 48 | 76 40| 87 |+100 98 | - 20
66 + 80 | 77 4410 88 |- 60 99 | - 16
67 - 80 | 78 2880 | 89 |+ 80 100 | + 16
68 1100 | 79 - 60 90 |- 60 101 - 14
69 - 75 | 80 H 70 | 91 |-208
70 _ 75 |81 +90] 92 |[-300
71 110 | 82 -~ 70| 93 |-190 18T + 49
22T -230
72 450 |83 | +50 94  |-240 50T +160
73 590 || 84 |-33 95 |-125 54T -200
TABLE A .20 STRAINS DUE TO UNIFORMLY DISTRIBUTED.

LOAD

NOTE :

= 200 P.S.F. ON MARKED PANELS.

FOR LOCATIONS OF STRAIN GAGES SEE FIGS.

4.13 TO 4.16
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| |
——I-E;_—?_.___ & X
t |
LOAD No: 3 N 1 S S 1
FIRST LEVEL
TP P9 9T
] | i 1
T4
! 1
y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXI16® |cace| INX10® |cace| iNx10® || cace!l INxI10®
No. No. No. No.
Cx | Ey Ex | €y Cx | €y Ex | €y
63 +60 || 74 +92 | 85 |-17 | 96 | 000
64 -40 || 75 +32 86 |+23 97 +50
65 -10 || 76 +20 | 87 |+78 98 | 000
66 +20 || 77 +88 88 |-75 99 000
67 -30 || 78 -25 | 89 |-24 100 | -15
68 +12 | 79 -30 | 90 |{+37 101 | +15
69 +5 | 80 +30 || 91 |+75
70 -10 | 81 =15 | 92 |-42
71 +60 | 82 +15 | 93 |000 18T +10
22T 000
72 -50 | 83 +49 |-+ || 94 |+50 50T | +ht
73 -28 | 84 581 .- || 95 |[+50 S4T -258
TABLE A .21 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.16
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LOAD No: 4 —} ¢ —_— 0 — &
FIRST LEVEL

- o

STRAINS | STRAINS STRAINS STRAINS
6acE| INX10° [eace| INX10° [leace| INx10° | eace| INxIGE
No. No. No. No.

€x | €y Ex €y €x | €y Ex | €y
63 -480 | 74 -850 | 85 |-660 1 96 +15
64 +126 | 75 + 46 || 86 |+327 197 |+19
65 +423 | 76 +76 || 87 |+ 91 98 | 000
66 -882 | 77 ‘ 000 || 88 |- 56 99 | 000
67 + 52 78 +116 | 89 |- 58 100 | -6
68 +86) 79 | +370 | 90 |+100 101 |+ 5
69 -24 || 80 -274 || 91 |-495
70 +162 | 81 -36 || 92 |- 28
71 -510 | 82 +140 | 93  |+286 18T -673

22T +246

72 + 640 83 |- 35 . 94 |-815 50T [~  |-152
73 +506 | 84 | -366 | - | 95 |000 54T + 78

TABLE A .22 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.l6
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| | | |
=
1 [ t )
LOAD No: 5 —t s — el
FIRST LEVEL
| ! | |
} ) ] ]
y
STRAINS STRAINS STRAINS STRAINS
6aGE| INXIG® |eace| INXI10° |eace| INXIG® |eace| INxiG®
No. No. No. No.
Cx | €y Ex | €y Ex | €y Cx |Ey
63 - 50| 74 -850 | 85 |+ 45 1os | -10
64 : + 86| 75 -10| 86 |- 20 97 | 000
65 +50] 76 + 46 | 87 |+ 42 98 | +15
66 16§ 77 - 34| 88 |- 36 99 | -18
67 -3/ 78 +640 89 |+ 8 100 | +18
68 + 48] 79 +80 1 90 |- 8 101 [ -5
69 - 20| 80 - 50§ 91%:{-225
70 +20]| 81 000 | 92 |-285
71 -516 | 82 +22 0 93 |-240 18T -184
20T + 56
72 ~22) 83 |427 |- | 94 [-345 sor | -578
73 +306 || 84 |4+15 |- .. 95 |+ 24 54T +170

TABLE A .23 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.l6
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I
W?HT—T~?—~
. ] 4
LOAD No: 6 —d— b |
FIRST LEVEL
__.-?-— — . .
| % ] %
o
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG® [eace| INX10° |eace| INx1GC | cace| InNxIG®
No. No. No. No.
Cx | Ey Cx |[€y Ex | €y Cx |y
63 -24 | 74 +8 || 85 |-22 96 | =30
64 +25 || 75 000 | 86 |+11 97 |+ 8
65 +11° || 76 +20 | 87 |+42 98 |+ 5
66 -5 77 -8 88 |-58 99 =18
67 -26 || 78 +48 | 89 |-13 100 | -19
58 +33 || 79 +4 || 90 |+10 101 | +18
69 +10 | 80 000 | 91 |+60
70 -11 | 81 000 | 92 |[-16
71 -12 82 + 8 93 |+27 18T - 3
22T + 20
72 +70 | 83 | 451 |- - 94 |+19 50T +178
73 +34 | 84 | _s5 95  [+20 54T + 62
TABLE A .24 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.3 TO 4.16
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| | |
IBERN
) | 1 '
LOAD No: 7 1 1.
FIRST LEVEL
} !
I B
Y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG® [cacE| INX10° |cace| INX10° | cace| iNxIG®
No. No. No. No.
€x | €y Cx €y Cx | €y Cx |Ey
63 - 10| 74 +60 | 85 {000 96 | 000
64 +56[ 75 60 | 86 |+47 97 | ooo
65 - 520 76 +66 | 87 000 98 | 000
66 +1201 77 +24 88 |000 99 | + 5
67 - 50| 78 -38 | 89 |o00 100 | +15
68 +50| 79 -32 | 90 {000 101 | -10
69 + 26| 8o +22 | 91 |-15
70 - 40| 81 +75 | 92 [+46
71 - 28] 82 72 | 93 |+ 5 18T +193
22T - 24
72 +801| 83 |000 94 |+26 50T + 44
73 250 84 | +44 95 [-25 54T - 10
TABLE A .25 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.3 TO 4.I8
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r l_ l_ | —L x
T
' I 1 '
LOAD No: 8 —to—b—d— ol
FIRST LEVEL %
] ]
I B B
y
STRAINS STRAINS STRAINS STRAINS
<6 | - - -6
GAGE| INXIO® leacE| INX10® |oace | INX16° | cace| INxXIG
No. No. No. No.
€x | €y Ex [€y €x | €y Cx | €y
63- -40 74 +72 85 +25 96 000
64 +54 || 75 -50 | 86 |-27 - 97 | 000
65 +6 | 76 +1 || 87 |- 3 98 | 000
66 +20 | 77 +20 || 88 o000 99 | 000
67 -40 | 78 -26 | 89 |+ 4 100 | 000
68 +40 | 79 -18 || 90 |ooo 101 |+ 6
69 +20 | 80 +8 | 91 |+4
70 -28 || 81 +34 || 92 |+25
71 +4 | 82 -24 | 93 |ooo 18T + 48
22T - 6
72 +4 || 83 | -8 ol 94 |46 50T - |+170
| 73 -28 | 84 | +30 : 95 |- 6 54T - 10

, TABLE A .26 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
| LOAD = 200 P.S.F. ON MARKED PANELS .

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.16
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_%__ X
} | 1 ]
LOAD No: 9 s b bl
FIRST LEVEL
—p—o— 1
| i
i
4 N
y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG® |cace| INX10° [eace| INXIG°® | Gace| INxIG®
No. No. No. No.
Cx | €y Ex | Ey Cx | €y Ex |Ey
63 ~16 | 74 +50 || 85 |-15 9% | -8
64 44 | 75 -21 | 86 |ooo 97 | 000
65 +24 76 +41 || 87 |+10 98 000
66 +15 || 77 +29 || 88 |[-28 99 | -21
67 20 | 78 -7 | 89 |-15 100 | -19
68 +40 | 79 +0 || 90 |ooo 101 | +10
69 +21 || 80 -7 | o1 |+24
70 +3 | 81 +35 || 92 |-20
71 -12 || 82 000 | 93 |ooo 18T +6
20T +20
72 +41 | 83 |+40 9% |+ 6 50T +59
73 -5 | 84 | -39 95 |+ 6 54T 000
TABLE A .27 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.3 TO 4.8
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r _11,_ X
1 ]
LOAD No: |0 — —_—b—al
SECOND LEVEL
—p—{—
S
y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG®. feacE| INXIG® | cace| INxIGE GAGE| INX10°®
No. No. No. No.
Ex | €y Cx [Ey Cx | €y Cx |Ey
633 -285 | ~74 ~475 | 85 |- 55 1 96 | -265
64 ~190 || 75 275 | 86 |-360 97 | -265
65 -105 | 76 -200 | 87 |-855 98 | 167
66 360 | 77 216 | 88 |- 43 99 | -150
67 ~175 | 78 -162 | 89 |-166 100 | - 50
68 ~240 | 79 -364 | 90 |-175 101 | -346
69 ~115| 80 ~165 | 91 |-365
70 ~265{ 81 -243 | 92 |-200
71 ~400 | 82 ~150 | 93 |- 80
22T -830
72 ~225] 83 | _315 o9 |-472 50T + 75
73 -100) 84 [-170|-. 5| 95 |-230 547 ~322
TABLE A .28 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P:S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 To 4.6
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Ly
™ .
LOAD No: |I e —dd
SECOND LEVEL
—TP—f—p—o1—
i ] 1 f
da—d- ?_
;y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG®. foace| INX10® fleace| INXIG® | Gace| INXIG®
No. No. No. No.
€x | €y Ex | €y Cx | €y Cx | €y
63 + 20 74 -475{ 85 [+ 13 96 | -240
64 + 6] 75 -215| 86 {000 97 | -214
65 + 70 76 ~200 | 87 |-102 98 | -170
66 +15] 77 ~180 || 88 |+120 99 | - 50
67. + 80| 78 -153 | 89 |+ 27 100 | + 80
68 - 48] 79 +30] 90 |- 45 101 | + 26
69 - 3 80 - 4| 91 |[-312
70 +31] 81 ~31] 92 |-196
71 -356 | 82 +58( 93 |- 58
22T -318
72 -232{ 83 |o000 9 |-373 50T +205
73 - 550 84 |+ 20 95 |-185 54T ~732
TABLE A .29 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.6
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1
LOAD No: 12 b — b 1
SECOND LEVEL

STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG°. feace| INX10° |cace| INx1G° |cace| INxIGE
No. No. No. No.

Cx | €y CSx €y x| €y Cx |€y
63 + 4| 774 + 22 || 85 000 96 |+ 41
64 + 5| 75 +271) 8 |-8 97 |+ 29
65 + 3] 76 +13] 87 |-70 98 |+ 16
56 000 | 77 | {+ 10| 88 |+ 62 99 |+ 6
67 +.12 | 78 +30 | 89 |+ 10 100 | : 000
68 -:23 1 79 + 6190 |- 16 101 | 000
69 + 5| 80 000 | 91 | - 22
70 - 10} 81 -10) 92 |+ 30
71 + 10| 82 + 70193 |+ 6

22T - 15

72 000 83 |- 20 | 9% |+ 3 50T | . + 55
73 000 ] 84 [+ 20 95 |+ 3| - 54T -290

TABLE A .30 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE :* FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 T.O 4.16




LOAD No: I3
SECOND LEVEL

- 188 -

; -
y
STRAINS STRAINS STRAINS STRAINS

GAGE| INXIG®. [eacE| INX10® |cace| INXIG® | cace! INXIG®

No. No. No. No.

€x | Ey Cx | €y x| €y €x €y

63 -290 | " 74 -352 || 85 -130 96 | + 60

64 -165| 75 +12( 86 | -235 97 | + 40

65 -85 76 000 || 87 | - 74 98 | - 30

66 -348| 77 000 88 | + 93 99 | +390

67 + 50| 78 + 9 89 | + 54 100 | + 80

68 - 29| 79 -345( 90 | =,80 101 | - 35

69 + 8| 80 -135 | 91 | -325

70 + 21 81 +50 92 | —206

71 -312| 82 000 | 93 | -110

22T +288

72 -200 83 |-280 9 | -374 50T -212
73 =100 84 |-190 95 ~ 40 54T + 50
TABLE A .31 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.3 TO 4.I6

g

i
s Fa
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§
LOAD No: |14 Y —
SECOND LEVEL

l | X
E;TTT

‘ STRAINS STRAINS STRAINS STRAINS
: GAGE| INXIG® [eacE| INX10° Jeace| INX1GC | cage!| INx1GE
No. No. No. No.
€x | €y Cx |€y cx | €y Ex |Ey
63 + 45| " 74 -370 || 85 + 15 9 | +80
64 - 12| 75 +38) 86 |+ 6 97 | +50
65 Z g 76 + 3| 87 - 63 98 | -40
66 + 42| 77 I+ 11 88 | + 62 99 | 000
67 +41) 78 +15) 89 | + 20 100 | +30
68 - 40| 79 + 71 90 | - 32 101 | -30
69 000| 80 + 31| 91 | -315
70 +12] 81 + 3| 92 | -180
71 -282 | 82 + 91 93 | -100
22T + 61
72 -210 ] 83 | -40 94 | =340 50T | -600
73 -80) 8 | +72 95 | - 60 54T +197

TABLE A.32 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.i6

PR



LOAD No: I5
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SECOND LEVEL

} |
y
STRAINS STRAINS STRAINS STRAINS
— - -6 -
6aGE| INXI0%. {cace| INX1G® |oace| INXIG GAGE| INXIO®
No. No. No. No.
Ex | Ey Ex | €y Ex | €y Cx €y
63 +18 || "74 +42 85 + 3 96 | +32
64 -10 | 75 +10 || 86 | - 3 97 | +25
65 000 | 76 +13 || 87 | -30 98 | -14
66 000 | 77 +5 | 88 | +22 99 | +20
67 +5 || 78 +3 | 8 | +9 100 | + 4
68 000 | 79 +2 | 90 | -10 101 | 000
69 +10 | 80 +12 | 91 | -10
70 000 | 81 000 | 92 | +44
71 +38 | 82 +20 | 93 | -15
22T + 14
72 000 | 83 | -24 9 | +20 50T -200
73 +5 | 84 | +27 95 | -23 54T + 46
TABLE A 33 STRAINS DUE TO UNIFORMLY DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.
NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.6
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LOAD No: 186
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SECOND LEVEL

‘y

STRAINS STRAINS STRAINS STRAINS
GAGE| INXIO%. leace| INX10® |cace| INXiO© cace| INx10°
No. No. No. No.

€x | €y Cx |€y Cx | €y Cx €y
63 +32 || 74 +31 85 +29 96 | —15
64 +31 75 +21 86 +11 97 | -3
65 +21 76 -18 87 +44 98 | 000
66 452 77 000 88 -38 99 | +18
67 +36 78 000 89 -5 100 | -28
68 -40 79 +50 90 000 101 | +21
69 000 80 +50 91 +19
70 +14 81 +10 92 +18
71 +14 82 000 93 +19 iy

22T -28
72 +25 83 +33 94 + 3 50T +60
73 +9 84 +29 95 +1 54T -37
TABLE A .34 STRAINS DUE TO UNIFORMLY DISTRIBUTED.

LOAD

NOTE :

= 200 P.S.F. ON MARKED PANELS.

FOR LOCATIONS OF STRAIN GAGES SEE FIGS.

4.13 TO 4.16
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LOAD No: |7

SECOND LEVEL

I R
y
STRAINS STRAINS STRAINS STRAINS
GAGE| INXIG®. feace| INX10° [cace| INxi6® | cace| INxic®
No. No. No. No.
€Ex | €y CSx | €y x| €y Ex | €y
63 -15 || 74 +17 85 + 8 96 | -5
64 +6 | 75 000 | 86 | 000 97 | ooo
65 000 | 76 000 || 87 | +26 98 | 000
66 000 | 77 000 | 88 | -26 99 | -36
67 000 | 78 -6 || 89 | 000 100 | =29
68 -15 | 79 -4 | 90 | 000 101 | +21
69 -8 | 80 000 | 91 | +20
70 -12 || s1 000 | 92 | +20
71 000 | 82 20 | 93 | +5
227 - 35
72 +27 | 83 |+ 7 94° | +26 50T +182
73 000 | 84 |o00 95 | +15 54T - 24
TABLE A .35 STRAINS DUE TO UNIFORMLY DISTRIBUTED.

LOAD

NOTE :

= 200 P.S.F. ON MARKED PANELS.

FOR LOCATIONS OF STRAIN GAGES SEE

FIGS. 4.13 TO 4.16
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LOAD No: I8 —to—6—o—ol-
SECOND LEVEL

} |
y
|
STRAINS STRAINS STRAINS STRAINS
- < -6 -6
GAGE| INXIG®: feace| INX10® |[cace| INXIG® |cace| INXIG
No. No. No. No.
€x | €y Cx | €y Ex | €y €x €y
63 -2 |74 +16 | 85 | -10 Il 96 | -30
64 | . +14 75 -36 86 +5 97 | 000
65 +13 76 +45 87 +30 98 | 000
66 000 77 {+18 || 88 | =30 99 | 000
67 -20 78 000 || 89 | -11 100 | - 6
68 +41 79 +20 || 90 +8 101 | 000
69 +12 80 000 | 91 | +3%
70 000 || 81 +18 || 92 | -11
5 71 + 2 82 + 4 93 000
| 22T +5
72 +21 | 83 | +16 94 | +22 50T | . +70
73 +16 84 | -24 95 | +35 547 | - -8

TABLE A.36 STRAINS DUE TO UNIFORMLY - DISTRIBUTED.
LOAD = 200 P.S.F. ON MARKED PANELS.

NOTE : FOR LOCATIONS OF STRAIN GAGES SEE FIGS. 4.13 TO 4.I6




TABLE A.37: DEFLECTIONS DUE TO UNIFORMLY. 7
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GAGE | DEFLECTION|| GAGE | DEFLECTION || GAGE | DEFLECTION.
No. | INXI0T> | No.| INXI10T® | No. | INXIO3
1 | -+ | s +58 9 -16
2 - 9 6 +12 10 -2
3 + 65 7 +48 11 -8
4 +111 8 -3 12 -9
LOAD No: |
FIRST LEVEL

DISTRIBUTED LOAD OF 200 PSF ON

PANEL No."PI".

TABLE A.38: DEFLECTIONS DUE TO UNIFORMLY ]

GAGE | DEFLECTION || GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INXI10™3 No. | INX10™3 No. | INXIO™®
1 -10 5 +53 9 -3
2 +39 6 +92 10 -8
3 + 4 7 -3 11 -8
4 +12 8 +33 12 -3
LOAD No: 2
FIRST LEVEL -

DISTRIBUTED LOAD OF 200 PSF ON
PANEL No."p2".

]

A
<
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GAGE | DEFLECTION|| GAGE | DEFLECTION || GAGE | DEFLECTION:
No. | INXIO® || No. | INXIG® | No. | INxiG3
1 00 5 +1 0 00
2 -9 6 +13 10 -1
3 00 7 00 11 -3
4 + 2 8 - 4 12 -8
LOAD No:3
FIRST LEVEL -

TABLE A.39: DEFLECTIONS DUE TO UNIFORMLY
DISTRIBUTED LOAD OF 200 PSF ON

PANEL No. "pP3".

<

DISTRIBUTED LOAD OF 200 PSF ON

PANEL

No. "pPg".

Tl

GAGE | DEFLECTION || GAGE | DEFLECTION | GAGE | DEFLECTION
No. | INx1073 No. | INX10™3 No. | INXIO3
1 +1 5 -7 9 +59
2 -2 6 -7 10 497
3 -15 7 +37 11 +49
4 +1 8 -4 12 + 8
LOAD No:4
FIRST LEVEL |

TABLE A.40: DEFLECTIONS DUE TO UNIFORMLY
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GAGE | DEFLECTION| GAGE | DEFLECTION || GAGE | DEFLECTION:
No. | INXIO® | No. | INX107® | No. | INxIG3
1 -2 5 -8 9 +1
2 -1 6 -1 10 + 7
3 -3 7 ~ 4 11 +49
4 -7 8 +34 12 +82
LOAD No:5
FIRST LEVEL
TABLE A.4l=. DEFLECTIONS DUE TO UNIFORMLY
DISTRIBUTED LOAD OF 200 PSF ON
PANEL No."p5". '
GAGE | DEFLECTION || GAGE | DEFLECTION | GAGE | DEFLECTION
Mo. | INXI1O™3 No. | INX10™3 No. | INXIOS
1 -1 5 -4 9 00
2 -2 6 -7 10 + 2
3 00 7 00 11 -2
4 00 8 -5 12 +6

LOAD No:6
FIRST LEVEL

DISTRIBUTED LOAD OF 200 PSF ON

PANEL

No. "p6".

<

|
H
i
TABLE. A .42: DEFLECTIONS DUE TO UNIFORMLY “‘%"“H
1
_%_
l
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TABLE A.43: DEFLECTIONS DUE TO UNIFORMLY'

DISTRIBUTED LOAD OF 200 PSF ON

PANEL No.'"PT7".

GAGE | DEFLECTION|| GAGE | DEFLECTION | GAGE | DEFLECTION
No. | INXI0> | No. | iNx10® | No. | INXIO3
1 00 5 + 2 9 -15
2 00 6 + 2 10 -5
3 +3 7 00 11 -8
4 3 8 -2 12 -9

LOAD No:7 |
FIRST LEVEL

-+
t

TABLE A 44: DEFLECTIONS DUE TO UNIFORMLY n

GAGE | DEFLECTION || GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INx10™3 No. | INXIO™3 No. | INXI10™3
1 00 5 +2 9 -3
2. 00 6 +2 10 -9
3 +1 7 4 11 -8
4 + 1 8 -1 12 -2
LOAD No:8 7
FIRST LEVEL _

DISTRIBUTED LOAD OF 200 PSF ON

PANEL

No. "pg".
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GAGE | DEFLECTION|| GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INXI0° || No. | INX10® || No. | INxIO®
1 00 5 +1 9 00
2 00 6 +1 10 -1
3 00 7 -1 11 -4
4 +1 8 -2 12 -9
)
LOAD No:9 _*?_T N
. LEVEL I I N G S |
FIRST E _%_ ? : b
1 i § |
TABLE A.45: DEFLECTIONS DUE TO UNIFORMLY -——J%-
DISTRIBUTED LOAD OF 200 PSF ON '_ R

PANEL No."p9".
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TABLE A.46: DEFLECTIONS DUE TO UNIFORMLY'

SECOND LEVEL : _

DISTRIBUTED LOAD OF 200 PSF ON

GAGE | DEFLECTION|| GAGE | DEFLECTION || GAGE | DEFLECTION,

No. | INx10% || No. | INx10% || No. | INxIT3

1 + 52 5 +70 9 - -25

2 = 12 6 +16 10 -4

3 + 90 7 +54 11 -12

4. +132 8 -2 12 -12

L
LOAD No:10 |\ | |

PANEL No. "P1 ",
GAGE | DEFLECTION || GAGE | DEFLECTION | GAGE | DEFLECTION
No. | INx1073 No. | INX10™3 No. | INX10O™3
1 -11 5 4+ 65 9 -5
2 - +50 6 +112 10 -11
3 +9 7 - 2 11 -13
4 +17 8 + 42 12 -5
LOAD No: | 7]

TABLE A .47: DEFLECTIONS DUE TO UNIFORMLY N

SECOND LEVEL

DISTRIBUTED LOAD OF 200 PSF ON

PANEL

No. "p2".
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GAGE | DEFLECTION| GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INX1072 | No.| INx1OT2 || No. | INXIO3

1 + 2 5 +5 9 00

2 14 6 +14 10 -1

3 +1 7 +1 11 -7

4 + 3 8 -6 12 -11
LOAD No:12 |

SECOND LEVEL

TABLE A.48: DEFLECTIONS DUE TO UNIFORMLY " 7

DISTRIBUTED LOAD OF 200 PSF ON

PANEL No."P3".

TABLE A .49: DEFLECTIONS DUE TO UNIFORMLY
DISTRIBUTED LOAD OF 200 PSF ON

PANEL No."pP4".

SECOND LEVEL |

GAGE | DEFLECTION || GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INX1073 No. | INX1073 No. | INXIO™
1 -3 5 11 9 + 65
2 “ 3 6 -12 10 +108
3 -21 7 +41 11 + 55
4 -4 8 -5 12 +10
LOAD No: I3 N

| B




e
!mﬁ’:ﬂmmu....__» .

GAGE | DEFLECTION || GAGE | DEFLECTION || GAGE | DEFLECTION
No. | INx1073 No. | INX10™3 No. | INXIO™
1 00 5 -6 9 00
2 -2 6 -11 10 +1
3 00 7 + 1 11 + 2
4 -1 8 -7 12 +8
LOAD No: 15
SECOND LEVEL
TABLE A.51: DEFLECTIONS DUE TO UNIFORMLY

SECOND LEVEL ; |

- 201 -

GAGE | DEFLECTION| GAGE | DEFLECTION | GAGE | DEFLECTION |
No. | INX10° | No. | INx1073 | No. | INxiO3
1 - 2 5 =12 9 -+ 4
2 00 6 -5 10 +10
3 -5 7 -5 11 +49
4 -11 8 +35 12 +91

LOAD No: |4

TABLE A.50: DEFLECTIONS DUE TO UNIFORMLY |
DISTRIBUTED LOAD OF 200 PSF ON
PANEL No."P5".

DISTRIBUTED LOAD OF 200 PSF ON
PANEL No. "ps".

<




E*:mm-...... .
|
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GAGE | DEFLECTION|| GAGE | DEFLECTION || GAGE | DEFLECTION |
No. | INXIOS || No. | INX10® | No. | INXxI1O3
1 00 5 +3 9 -22
2 00 6 +2 10 -4
3 +5 7 +1 11 -11
4 + 4 8 -1 12 -12
L1 -
— __‘#._.(. B — ¢
LOAD No: 6 '%* Lo
SECOND LEVEL : __4%__% .%-- -
' ! i | .?
TABLE A.52: DEFLECTIONS DUE TO UNIFORMLY = \~l : +——#
DISTRIBUTED LOAD OF 200 PSF ON L
PANEL No."PT". < ] S
vy
GAGE | DEFLECTION || GAGE | DEFLECTION || GAGE | DEFLECTION
No. | 1nMX1073 No. | INxIO™® No. | INXIO2
1 00 5 +3 9 -5
2 00 6 +2 10 -13
3 +2 7 -2 11 -13
4 + 2 8 -1 12 -6
X

DISTRIBUTED LOAD OF 200 PSF ON

|

i

TABLE A.53: DEFLECTIONS DUE TO UNIFORMLY -—%
[}

PANEL No.'"P8". ‘T‘

y

LOAD No:lI7
SECOND LEVEL - _

{;———?———(b—-Jr

s
|
i
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GAGE | DEFLECTION| GAGE | DEFLECTION || GAGE | DEFLECTION
- - -3

No. | INXIO® | mo.| inxio3 No. | INXIO

1 00 . 5 + 2 9 -1

2 00 6 +1 10 -2

3 00 7 00 11 -5

4 +1 8 -3 12 -12

L
LOAD No: 8 T

SECOND LEVEL

TABLE A.54: DEFLECTIONS DUE TO UNIFORMLY
DISTRIBUTED LOAD OF 200 PSF ON
PANEL No."p9".
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APPENDIX B

COMPUTER PROGRAM
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SK411310.FALTAQUS, PAGES=80, TIME=120,LINES=12000
ANALYSIS OF FLAT PLATFS

EXPERIMENTAL TINVESTTIGATION

THIS PROGRAM USES EXPERIMENTALLY MTASURED STRPAINS FOR
THE CALCULATIONS OF MOMENTS IN THE $X* AND 'Y' DIPECTIONS
FOR DIFFERENT LOADING CASES

MODEL M1

TXPLANATION QF SYMBOLS USED

L{A2,4,9)=L0AD NO1 TO LOAD NA a
FIRST COALUMN REPRESSNTS THE LOAD NOs s
SECOND COLUMN REPRESEMTS STSAIN GAGS NMUMBED,
CTHIRD AND FORTH COLUMMSE AQE THE STRAINS IN THS 'X* AND
'Y! DIRFCTICNS

A(62,3) =STFAINS DUE TOQ PATTFEON LNDADING MNO® 1V .
(Lal =200 PSF 0ON PANZLS P1,P2,P3,P7,08,P9)

305625 3) =STPAINS DUE 7O PATTESN LOADING NQTP
{L+L o=200 PSF 0ON PANFLS P2.P2,Pa4)

Cl{E2, 2) =STRAINS DUFE TO PATTEON LDADING NOT 3
(Lal.ea=200 PSE 0ON PANEL P1l,P2y3PL,DARP7,PG)

0{(62,3) =STRAINS DUE TO PATTERN LCADING NOrav
(Lel.+=200 PSF 0ON PANELS P2,25,P3)

E{62, 3) =STRAINS DUE TO PATTERN LOADING NQ*'S? :
(Lale=200 PSF ON PANFLS P1,P2,P3,P4,P5,P5

F(62,3) =STRAINS DUE TO PATTERN LOADING NQ'6°
(LeL+=200 PSF ON PANELS P!,P2,P4,05,pP7,P8)

T(6243) =STRAINS DUE TO UNIFCRM LOAD=200 PSF ON ALL PANELS
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M{62,5)=STRAINS AND MOMENTS DE TO PATTERN LNDADING NN 1
LolLo/Dol o =0925905333‘00591007200;300v400’3o643

O(52+,5)=STRPAINS AND MOMENTS OUE TN PATTERN LOADING NO 2
Lol o/Donl o =0025500223+00%5100352603350:%400s3a643

" P(62,5)=STRAINS AND MOMENTS DUE T0Q PATTERN LNADING NO 3

LobLo/Dol s =Oo25100333v0u59100!2»0’300t400o34543

Q(62,5)=STRAINS AND MOMENTS DUE T0O PATTERN LOADING NQ 4
Lol o/Deal s =0s25900333,0,5v100v210,3a0}&;0»3»643

R(62+5)=STRAINS AND MOMENTS DUE TO PATTEEN LOADING NO 5
Lela/Dal s =0425404333,0059140352e0+3202%40530643

S(62+5)=STRAINS AND MOMENTS DUE TO PATTERN LCADING NQO A
Lela/Dol a 0225900332500 59190420033a05%5,053643

EXT(62,S)Y=EXTREME VALUES OF STRAINS AMD MDOMENTS FOR @
Lol a/Del.w =0,0,0.25-O.333.0y5~1.0‘2.0»3»0-4.0.3,643

FOR:

FOR:

FOR:

FOR:

FOR:

1 IMPLICIT REAL % 4(L3sABsCaDFsFaMaNyP,04P,S,T)
2 INTEGER W ~ .
2 DIMENSION L(A24+649)5A0625,3),83(6243),C(62,7),D0(62,3),%(62,3)5(562,
1) 2M06255)40(6255)+P(62+5)20(62+5) 4T (H245),5(62,5),T(A2,3),EXT{62, 5
2)
4 NR=5
= N W= &
6 D3 10 K=1,.,9
7 DO 10 I=1,862
-8 10 READ » (L{T+JsK)sJd=1,4) ‘
9 OO 20 I=1462
10 A(I.I)ZL(IDZOI)
11 DO 30 J=2,12
12 A(T,4)=0,
132 K=1
14 1000 AC(IsI)=SACTI U +L (I3 (J+1) oK)+ (I (J+1) 4 (K+6))
15 K=K+1
16 IF{(KeslLEo3) GO TO 1000
17 30 CONTINUE
18 20 CONTINUE
18 DO 40 I=1,&2
20 B(I»1)=L(I,2,1)
21 DO 50 J=2.,32
22 B(1,J)=0as
2= K=4
24 1001 B{IsJI=BlIJ)+L{T4(J+1),K)
25 K=K+ 1
26 IF(KeLEe6) GO TO 1001
27 50 CONTINVUE et e e e
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CONTINUE

DO 60 I=1,6/2
CeIel)=L(1,42,1)

CO 70 JU=2,3

C(I+J)=0a

K=1
ClI»II=C{Ie)+L (T s (J+1),4K)
K=K+1

IF(KeEQA»2) GO TO 101
IF{(KaEQoe5) GO TO 101
IF{K+EQWsB) GO TO 101
IF{KsLE-9) GO TQ 1002
CCNTINUE

CONTINUE

DO 80 I=1,A2
D{Is1)=L(1,251)}

CO 90 J=2,3

D(IoJ)=0e

K=2
DUEToII=DIT I} +L{T,(J+1),K)
K=K+3

IF(KaLEe8) GO TO 1003
CONTINUE

CONTINUE

DO 110 I=1.,62
E{I+1)=L(T+251)

00 120 J=2.3
Z{Isd)=0n

K=1i
E(IvJd)=TAT,d)H+LAT, (U+1),K)
K=K+1

IF(KSI_S»E) GO TD 1004
CONTINUE

CAONTINUE

D2 130 I=1,82
FU{Is1)=L(Il,2,1)

DO 140 JU=2,3
F{I,J)=0e

K=1
FOTI,J)=F(I+J)+L{T,(J+1),K)
K=K+1

IF (KoeEQ»3) GO TO 102
IF(KeEQe8) GO TO 102
IF{KeEQs9) GO TO 162
IF(KslLEs8) GO TO 1005
CONTINMNUE

CONTINUE

D3 150 I=1.,62
T{I+1)=L(I,2,1)

DO 160 J=2,3
T{IyJ)=0o

K=l , : S




80
81
82
83
1 8a
85
86
87
88
89
gC
91
92

93
94
e5
Se
g7
98
9SG
100
101
102
1032
104
1053
106
197

113
114
11

11¢
117
118
11¢
120
121
122
122

1124

20
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1006 T(I'J)=T(IOJ)+L(IY(J+1)VK)

K=K+

IF (KelLEe®) G TN 1006

CONTINUE '

CONTINUE

DO 300 K=1.9

WRITE (NW,201) :
FORMAT (11v/34X,68(1%x )/ T3B3XNEB(VHTVY /0
WRITE(NW,202)

FORMAT ( 3AXs VHKXY g B2Xy 1 kK%Y )
WRITE(NW,202)

WRITE(NY,203)K

FORMAT( 24X THXET ,S5X, *STRAINS DUY= TN
IN PANEL P?",11,5X, t%xkak?)

WRITE(NW,202)

WRITE(NW,204)K

160
150

201

202

203

204
WRITE(NW,202)
WRITE(NW,202)
WRITE(NW, 205)

FORMAT( 34X,68(*x1))
WRITE(NW,205)
WRITEZE(NWL205)
WRITE (NW,206)
FORMAT( /77
WRITE(NW.209%)
WRITS(NW,205)
WRITE(NW,207)
FORMAT( 34X s VEk Xk

1x1)
WRITE(NW.208)

FORMAT( BAX o tExk

1 kd STRAINS Kk ? )
WRITZ(MW207)
VRITE(NW.2CGQ)
FORMAT( IO Xy ¥k

1 * Y-DIG, E R E R
WRITE(NW.207)
WRITE(NW,210)
FORMAT( T4 Ky VK *

1 * IN X 10 H kAt )

WRITE(NW»207)

WRITE{NW»205)

WRITES(NWs205)

WRITE(NWS207)

DO 310 I=1,31

W=1I+31

310 . WRITE(NWs 211) (L (T v JoK) s J=2,4), (L (W

211 FORMAT( BAX P %%% YV ,FR 1
1o'*'.F9.1.2X,'*'.F9.1¢2X-'***"T42"
211X T x4 11XV hk VB X,y Ve ® 11X,V kT, 11X,y tirkaer)
WRITE(NW,205)

v 34X 463 1%7))

207

208 GAGE * STRAIMS *

NG = X=DI=, ¥

UNIFORM | 0AD =

STRAING  ww

Y-DIR.  Ekx oNO o

Ty B3XeE8( 10y )

200 PSF

FORMAT (34X, vickx) , 18X, 'LOAD NO TaTlLO6X W IFIRST LEVELY , 18X, %kxve)

GAGE &

10 Rl

1JiK)sJ=2,4)
"*‘1F9~1oZXo'*‘-:9-1,2X9'**'.F&.l
L ’T?LL' *

PU/3AX VEXAY G5, Vi

* IN X 10

8]

05)(0'*'yIIX;"!"v11Xt'**'v5)Xv'*'111)':5""',11){.'-":*

STRAINS

v
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12 T WRITE (NWs»205)

1256 WRITE(NW,205)

127 200 CONTINUE

128 WRITE(NW,201)

129 WRITE(NW.202)

130 WRITE(NW,202)

131 WRITE(NW,212) :
132 212 FORMAT( 34X v HERY ,4X 4 TSTRAINS DUE TO UNIFORM LOAD = 200 DPSF r

1IN ALL PANELS T, tkkN)

133 WRITE(NW.202)

134 WRITE(NW,213) :
138 213 FORMAT( BOXe VHEKV2EX G IFIRST LEVEL T 425X, takkxe )
136 WRITE(NW,202)

137 WRITE(NW,202)
133 WRITE(NW, 205)

139 WRITE(NW.205)

140 WRITE(NW,205)

141 WRITE(NW,206)

142 WRITE(NW,205)

143 WRITE(NY,208)

144 WRITE{(NW,207)

1458 WRITE(NW,208)

146 WRITE(NW,207)

147 WRITE(NW.209)

148 WRITE(NW,207)

142 WRITE(NW,210)

150 WRITE(NW,207)

151 WRITE(NW.205)

152 WRITEINW,203)

152 WRITE(NW,207)

154 DO 320 I=1,21

155 w=T+31

ISe 320 WRITE(MWS211)(T(TI+J) v J=1,2),(T(w sJ) s J=1,7) ‘
157 WRITE(NW,205)

158 WRITS(NW+205)

150 WRITE(NW,205)

160 : INO=1

161 CALL TITLE (A, ING)

162 ING=2

163 CALL TITLE (B, INO)

164 IND=3

165 CALL TITLE (C, IND)

166 INO=4

167 CALL TITLE (D, IND)

168 ING=5

16¢ CALL TITLE (E, INOQ)

170 INO=6

171 CALL TITLE (F,IND)

172 X=2a40

173 Y=0,0

174 - CALL pATERN(A-BvC'DaEQF'T'N‘vOopo(),PiSvX!YvFXT)

{175 X=1e6
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2176 Y=44

4177 CALL PATERN(AsBsCsDsEIFaT o MyN P, 0y R3S sXsYsEXT)
§178 X=1e5
H17o Y=a5 .
H180 CALL PATEPN({ASBsC D EsFs T oMy My P 03RSy Xy Y, EXT)
5181 X=1632323
Hiaz Y=46667 :
Hi1sz CALL PATERN(ABsCyDsEsFsTaMsOrP,03R3S3XsYsEXT)
§18a X=1e -
gi1es Y=1.
186 CALL PATERN(AI R CaDsE F 3T oMM P yQaR 1Sy XeYsEXT)
H187 X=o6667
Hiasg Y=1,3333
4189 CALL PATEON(AIE3CIDsE+F s ToMeOsPy0sRsSsXsY,EXT)
RioC X=,5 -
1901 Y=1.5 -
192 CALL PATERN(AIBsCr Dy EsFsTyMsOsPs0sP 3SeXs Y+ EXT)

W19z X=,46431
H194 Y=10569
1195 CALL PATERN(A,BaCsNsEsFsT oM, 0,0,0,RP, 5, %X, Y4EXT)
Hioe X=ab
8197 Y=166
190 CALL PATERN(A)BsCsDsEsFaToMaOsP 090 4S s Xy Y+ EXT)
H199 sTOP :
H200 END
: C

o

c

C

SUBROUTINE TITLE(A,IND)
DIMENSION A(62,3)
NW=8
WRITE (NW,214) INO
214  FORMAT{ 1Y /34X 6R(vx1)/ BLX,6R(VRY) / X BRA(VYRT) (2 ( b Xyt kK
1%3 , 62X, tfokx3 )/ TAX, Vikku 3N, ISTRAING DUS TR UMIFNRM La.lLas = 290
2 PSF ON MAOKED PANMFLS HE kY g TAX g PR (LD Ak g BL X, tEExT
30Xe'Lola PATYTERN LDADIMG NNW?,12,4Xe 'FIRPST LIVILY ,10X, &%k ,2( /38
OX g ¥kt 5D Xy Pk Y22/ 346X08('% ) )/ /3 (/30X 68( %))
WRITEI(NW,207)
WRITE(NW.208)
WRITE(NW,207)
WRITE(NW+209)
WRITE(NWS207)
WRITE(NW,210)
WPITE(NW,207)
WRITE(NW,205)
WRITE(NW, 265)
WRITE(NW,207)
205 FORMAT( 34X+68( k1))
207 FORMAT( BAX g BRKXT G BNy TR 3 11Xy "% 311 Xgtkk? ,8X g k8 311X o ¥ 17X,k
1%¢)

AV

NN M '
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e
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~N O in




R v i =

221
222
223

224
228
226
227
228

A e T A A S R AT L e [T R e E e (T Y T e

AR

SR e

248
246G
250

SAERSALE R R

251
252

OO0 NN

NnNNnNO

208

209

330
215

- 211 -

T STRAINS %

FORMAT( 34X, V%% GAGE = STRAINS #%% GAGE * STRAIN:
1 * STRAINS k&kv) .

FORMAT( 34X, vaxx  NO % X=DIP, Y-DIR, #% N7 % X=DIR
1 Y-DIRa k¥%x7v)

FORMAT ( BhX o ¥k * IN X 10 % IN X 10 > % * IN X 10
1 ¥ IN X 1C Hrkde )

OO 330 I=1,31 ’ .

WRITE(NW'215)(A(I,J)qJ=1'3)-(A((I+31)'J);J=1;3)

FORMAT( 34X, ThERI JFE, 1 2 PFEN 0,1 92X Tk G FQal s 2X VN JFH,1
La?%t s FOa]le2Xs %" ,FOa1,2X, vhk¥k? Tad, T Tl ALY PR LI Y CRE A
211X;'*'yllX,'**’s6X:'*'v11Xv'*',11Xs'***') :

WRITE(NW,205)

WRITE{NW,205)

WRITE(NW,20E5)

RETURN

END

SUBROUTINE pATFQN(AoBvaD,E,FyToM,D’Doﬁ’QoS‘XvaEXT)
IMPLICIT REAL®&(M)

INTEGER

DIMENSICN A{62:,3),B(H82,3),C(A2
IM{B2+5)+0(62+5)sP(62+,5),Q(62,5
W=l
CALL
w=2
CALL
w=3
CALL MOMENT{CsTsPaXsYsW)

wW=4 \
CALL MOMENT(DsT+sQoeXsY o)

W=8
caLL
W=
CALL MOMENT(F 3 T,SsXaYsW)

caLL EXTREMIMsO P Q9P 3SeXy Yy EXT)
RETURN

END

13)4D(E2,3) ,E(A2,3),F(82,3)2T(A2,2),
)19(529‘3)99(,629‘5);?‘._.)(7'(5375)

MOMENT (A, TsMs Xs Yo )

MOMENT(Bs» TsO s Xs¥eW)

MOMENT (EsToR e Xy Y W)

SUBROUTINE EXTREM({MeOsP30,R,SsXsYsEXT)

IMPLICIT REAL®4({M) '

DIMENSTION M(62y5).0(62.5).P(62-5):O(52.5).9(6275),8(62'5)'?XT(5?'
15)

Nw=6

DO 700 I=1,62




700

740

71¢0Q

EXT(T+1)1=M(I,1)
DO 710 J=244.2
DO 720 1=1.+28
EXT(T,J)=P(1,3)
CONTINUE

DD 730 1=29.45
EXT(IZJ)=S(1,3)

" CONTINUE

DO 740 1I=46,56
EXT(I+J)=Q(T,J)
CONTINUE
EXTI57+J)=P(575J)
EXT(58,J)=5S(58+J)
EXT{59,J)=8(59+J)
EXT(60+yJ)=P (604}
EXT{61,4)=S(61.,J)
EXT(E2,J)=S(62,J)
CONTINUE

DO 750 J=3,5,.,2
EXT(1,J0¥=0(1,J)
EXT(2,J)=0(24+J)
EXT{3+J)=R13+4)
EXT(41J)=R(4+J)
EXT(_S'_"J)-=M(5rJ)
EXT{6,J)=M(6+J)
EXT(T I )I=M(7+3)
EXT{(B,JI=M{8B.J)
EXT( 9,J)=M( 9,J)
EXT{10,4)=0(10,+4)
EXT{11+J)=F(11,J)
EXT(12+,J)=M(124+4)
EXT{13,J0)=M(13+J)
EXT(14,J)=0(14,J)
EXT(15,03=P(15,4)
EXT(16,J)=M(16,J)
EXT{17,J)=M(17,J)
EXT(18,J)=0(18,J)

CEXTI10:.4)=0(194,J)

EXT(20+J)=R(20,J)
EXT(21,J)=M{21 +J)
EXT(22,J3)=M(22,J)
EXT{22+sJ)=M(232,4)
EXT(24,J)=M(24,J)
EXT(25,J)=0(255J)
EXT(26+J)=R(26,J)
EXT(27,J)=M{27-J)
EXT(28,J)=M(28,J)
EXT(29,J)=0{29+J)
EXT(30,J)=R(20,J)
EXT(31,J)=M(31 ,J)
EXT(32+43)=M(32+J)

EXT(33,J)=0{33,J)
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EXT(34,J)=0034,J)
EXT(35+J)=R(35,J)
EXT(3E+J)=R(36,J)
CEXTIZ379J)=M(37+J)
EXT(384yJ)=M{28,J)
EXT{39,J4)I=M{329,5)
EXT(QODJ)=M(40vJ)
EXT(a1,J)=M(41,0)
EXT(42,4)=0(42,49)
EXT(83,J)=R(£3,J)
EXT(444d)=M{44,4)
EXT(4S+J)=M(L5,J)
EXT{46,3)=0(86,J)
EXTL4T7 43U )=R{(47,3)
EXT(48sJ)=M{48,J)
EXT(490J)=M(49’J)
EXT(50+J)=0(50,4)
EXT(S1,J)=0(51,4)
EXT(SZ)J)=R(521J)
EXT(SavJ)zM(SB’J)
EXT(S54,J)=M(54,4)
EXT(55,J)=M{55,4)
EXT(S6+,J)I=M(56,J)
EXT(S?vJ)Eg(571J)
EXT(58,J)=R(58,J)
EXT(SS,J)=R{5G,J)
EXT(E0+JI=M(ED+J)
EXT(B1,J)Y=M(61,J)
FXTLB2,J)=M(62,J)
CONTINUE

WRITE(NW, £49)
FORMAT(11¢//19X,100( %))
WRITRE(NW,500)

WRITE (MW, 500)
WPITE(NW.S500)
FORMAT(12X,100(*%1))
WRITSE(NW,501)
WRITE(NW,501)
FORMAT{1GOXy Pk ? ,C4X,tkkxt )
WRITE(NW,701)
FORMAT (19X, Tkk=?
1TO? 524X, txxk)
WRITE(NWLS01 )
G=2000*X
H=200 2 %Y
WRITE(NW+702)GsH
FORMAT (19X, "4%k%t ;21 Xy "UNIFOPM Dala=?4F541,°
1 eFBely? PSFTY 422X, Ykkxt)
WRITE(N%W,S01)
WRITE(NW,703)
FORMAT(1O9OX ¢ %k%k? 41X ,'FIQST
WRITE(NW,501)

224X PEXTREME VALUFS 0OF

PSKF

LEVEL? 441X, YhkxXxr)

STRAINS AND

MAMENTS DUE

+ UNIFOPM Lala=
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WRITE(NW,501)
WRITE(NW,S500)
WRITE(NW.S500)
WRITE(NW,500)
WRITE(MNWS00)
WRITE(NW,704)
704 FORMAT(//1GX,100( %))
WRITE(NW,S500)
WRITE(NW,500)
WRITE(NW,508)
506 FURMAT(IQX"**'I2('*"SXQ.*"OXO'*'!QXO'*"Ox;'*'TQXO'*')'.**')
WRITE(NW.S507)
507 FORMAT(IOXy"®%k% ,2( ¢tk GAGE % STRAINS * STRAINS % MOMENTS * MOMENTS
18 ), rkkr) ’
WRITE(NW-505)
WRITE(NW,S50R)
508 FORMAT (19X »? %X¥ ,2 (1% NN
1x1),t=xv)
WRITE(NW,S06)
WRITE(NW,503) :
509 FORMAT (19X stk v ,2( 1% ¥ INX1O * INXIO % LBo INs * LBe TINs
TRy, 0xxr) '
WRITE(NW,3058)
WRITE(NW,500)
WRITE(NW,500)
WRITE(NWLS08)
DO 360 I=1,31
WRITE(NWSSI0) (EXT(Y s U) 301,38 o (FXT(LTI+31),U0)ed=1,5)
FOQMAT(IQX”**;*'vpéol1'7-“’ PRy 1 41 Xyt % 9»:-9'191}(1"."95:89! Wl Xyt %Y, A,
lleXv"**"Fékl"*'qF801’1X9'*'¢FR91 .!Xq"'“qFR..'.le,‘*'st%.l'lX.'***
2V T27,? VLT 78,0 '/IQX"**’yZ('*'vﬁX"*"OXg'*'99X,'*';QX,'*'.9X,
Brord ), 2k
WRTITS(NY500)
WRITE(NW,5C00)
WRITE(NW,500)
RETURN
END

3

#*

X-DIDa Y-DTR, =% X=Dir, x Y-DIR,

oy
2

[$1 IR
"
[y

\

a0 ON

SUBROUTINE MCMENT (AT oy MeXpsY o)
IMPLICIT REAL % A(A,TeMyX,Y)
INTEGER W

DIMENSION A(E2,3),T(H2,3),M(62,5)
NW=6

U=2004942

V=7332.2

DO 340 I=1,62

N"(Ivl):A(Inl)

DO 350 J=2,3
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SR

B 304 MUToJd)=XRT (ToJ)I+YXA(T,J)
4 357 350 CONTINUE
4 298 MOTs4)=(UEM{T,2)+V*M(T,2)) /100000040
d 309 M{T+5)=(UKM(T,3)+V*M(1+42))/10000004.0
B 400 340 CONTINUE
" a0 IF(XeEQe24)GO TO 800
402 WRITE(NW,449)
4032 449 FORMAT('1'///19X,100("%1))
404 WRITE(NW,500)
405 WRITE (NW,500)
406 500 FORMAT(1GXs100("%*))
407 WRITE(NWs501)
408 WRITE(NWS501)
409 501 FCRMAT{1GX , kXt ,QAX, ¥ kuk? )
410 WRITE(NY+502)
@11 502 FORMAT(19Xs H%%?,34X, ' STOAINS AND MOMENTS DUE TO' 5 34X, t3kx1)
412 WRI TE(NW,501)
413 G=200s%X
414 H=200 o *Y
415 WRITE (NW+503)G,H
416 503 FORMAT(19X,t%%%k? 13X, '"UNIFODM Dalls=t3Fhslst PSE  + UNIFNSM Leloes'
1,F6e1s' PSF ON MARKED PANZLST, 13X, !kt )
417 WRITE (NWs501)
418 YRITE (NW»S04)W
419 506 FORMAT(19X, %#*%% 320X 4 "PATTERN LOADING NO, v, 12,0 FISST LEVEL,2¢
1X, ¢k ) ‘
420 WRITE (NW,501)
421 WRITE(NW,501 )
422 WRITE(NW, 500)
423 HRITE(NW,S520)
424 WRITE(NW,30C)
425 WOITE (NYW,505)
426 505 FCRMAT(///19X,100( %)) ‘
a7 WRITE(NW,S00)
a2n WRITE (NW,500)
429 WRTTE (Nw,506)
430 SCE  FORMAT(I1OXe 15k 1, 2( 11 BX, 1 %7 ,GX, P57, 0K, 131 30X, 151 ,QX, 1 %7 ), 1ok )
431 WRITE (NW.507)
432 507 FORMAT(1GX,?%%1,2(%% GAGE % STRAINS » STRAINS * MOMENTS * MOMENTS
L IESBRE T
4323 WRITE (NW,505)
434 WRITE (NW,508)
435 508 FORMAT(LIOX,'®%?,2(%% NO #* X-DIRe % Y=DIR, * X-DIP, * Y=DIR.
1hv) %% '
436 WRITE (NW, S06)
437 WRITE (NW»S09)
438 509 FORMAT(10X,"%k® ,2( 1% * INX10 % INX10  * LB, INs, %= LSas INa
1%0), tH%0)
439 WRITE(NW.506)
440 WRITE(NW,500)
441 WRITE(NW,S00)

442 ) WRITE(NW+506)
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443 DC 360 1I=1,31 )
taqg 360 WRITE(NW,510) (M(I’J)vJ'—'I'S)’(M((I+31)’J,7J=-'5)
A48 s10 FDRMAT(IQX.'***'va)ali'*'#f:&\slviXy'é"!F‘zhlvl)(!'*"FSo!lep'*"Fs:I

Lo X, Tdt  F6al s 1x 1 FBal ) IXe T4 FRal 1 Xa %1 FRLL 1Ky okt Fast ol X5k
RVaT2740 1,775, T/IOX S TEE G2 (1 GEX TR OX VK LOX, T x e, Gx, 1 KT, GX,
3ttty , 1)

Qa6 WFRFITE(NVW,500)
447 WRITE(NW,500)
aag WRITE(NW,S500)
44 800 PETURN

450 END

EENTRY
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SEK41131CFALTACUS FAGES=30,TIMF=120,LINFS=120N0

ANALYSTI S DOF FLAT PLATES:

EXPERIMENTAL INVESTIGATION

THIS PROGRAM USES EXPERIMENTALLY MFASURED STRAINS FOD
THE CALCULATIONS OF MOMENTS IN THE *X' AND t'Y! DIRSCTIMONS
FOR DIFFERENT LOADING CASES ’

MODEL M1

EXPLANATION OF SYMROLS USSD

CFIPST COLUMN RERPRESSEMTS THT LNAD NLIMRSR,
SECOND COLUMN PEPESSENTS STRATIN GAGS NUMARSR,

THIRN AND FORTH COLUMNS ARS THS GQTRAINS IN THT sy axD
fY*Y DIRECTIONS
A(A2,3) =STRPATNS DUEVTD PATTERPN LODADING NOY* Y
(Lol a=200 BSF 0N PANELS DP1,P2,P3,P7,28,P0)
B{62+3) =STRAINS DUE TOD. PATTERN LO2ZNDING N1
(LaLo=20C PSF NN PAMELTE P2.D3,P4) \
C{(B2,3) =STRATINS DUE TN PATTERMN LTANING NOT 22
(Lal.o=200C PSF 0N DAMEL D1 yPT,4,PE,D7,07)
D(62.3) =STRAINS DUE TO DATTEEM L_LOADING NQDvav
{Lol.»=200 PSF 0OM PANELS P£P2,p5,pR)
£{62,3) =STRAINS DUE T0O PATTERN LOADING NO'S5¢t
(Lol o=200 PSF ON PANEILS P1,P2,P3,P4,P5,P&)
F(62,3) =STRAINS DUE TD PATTEPN LCADIMNG NO'AT
{Lel.a=200 PSF ON PANELS Pl,P2,RP4,P5,P7,08R)
T(5243) =STRAINS DUE TO UNIFORM LLCAD=200 PSF ON ALL PANFLS
M{62,5)=STRAINS AND MOMENTS DUSE TO PATTERN LOADING NO 1 FOR:

Lele/Dels =0025,0032393+09551¢0,200,300+400+3,6%3
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N(62,S)Y=STRAINS AND MOMENTS DUS TO PATTEERN LODADING NO 2 FQR:
Lal.e/Daet » =O.25.0.33?.0.5.1.0.2.0-3.0.¢»O.3.643

P(62,S5)=STRAINS AND MOMENTS DUE TO PATTERNM LRANING NO 3 Foe s
Lal.a/Dol s :0025v00333-0059100v2~0v300t4¢0’30643

Q(62,5)=STRAINS AND MOMENTS DUE TO PATTFREN LNADING NO ¢ FOR?
Labla/Dolo =0e2590433350855140,52,053e0,840,53I0643

R(62+5)=STRAINS AND MNOMENTS DUE TQO PATTESN LOADING NO 5 For:
Lale/Dalle T0425+02a33330653100920033FeCr8a0s36FR43

3(6215):STRAINS AND MIOMENTS DUE TO 2ATTERPN LOCADING NN & FOR:
LelLas/Dalls 20025v0-33390-591-Os2~0'3aOvA00v30543

EXT(62,5)=EXTREME VALUES 0OF STRAINS AND MOMENTS FOR
lLelLs/Della =0a030+2530+ 32332502543 12052¢02240

DO OO NO0ANANONDANAONNANA

1 TMPILLICIT REAL = GlLysAWRICsDsESsFaMy032,ND,5,T)
2 INTEGER w4é2 :
2 DIMENSTION L (E2+4+G) 3AlE2,3) 22 (A2,31 40 (F2,2) 4DIA2,2) ,5(B2,3) 4F(62,3
1) oM{B2,5) 2006245 4sP(62+5) v Q(A2:5) s P{AT,5),5(A2,5), TIER 2 ) +EXT(62+5
2) : :
a NR =g
5 Nw=8h
5 N 10 K=1,0
7 DC 10 I=1,62
3 10 READ (L(IQJOK)Qleia)
= DN 20 1=1,62 ‘
10 A(ch)ZL(I.z‘l)
11 DC 30 J=2,3
12 AlT,J)=0»
1.2 : K=1 ‘
ie 1000 A(ToJ)=ALI U)+LCTI>(J+1 ) KIFLL{TI,({J+1), (K+5))
15 K=K+
1£ IF{KaLEL3) GG TG 1000
17 20 CONTINUE
18 20 CONTINMUE
15 PO 40 I=1,é&2
20 B{I+1)=L{I,2,1)
21 DG S0 J=2,3
22 B(I,J)=0
H 23 K=4
g 24 1001 BUI+S)=B(IJd)+L{I,(J+1),K)
E 28 K=K+1
H 26 IF(KaLE.6) GO TO 1001
H 27 50  CONTINUE

28 40 CONTINUE




-

29
30
31

32
33
34
35
36
37
38
3¢
40
41

42
432
44

.48

46
47
48
49
50
51
52
53
54
59
56
S7
58
856G
60
€1
€2
€32
ca
65
67
67
68
69
70
71
72
73
74
75
76
77
78
79
80

1002
101

70
60

1003

90
80

1004

120
110

1008
102

140
130

1006
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DO 60 I=1,62
C(I-1)=L(T+24s1)
DD 70 J=2,3
ClIyJ)=0»
K=1
ClIWJ)I=SCLTIII+L (T (U+1),K)
K=K+1

IF(KeEQWs2) GO TO 101
IF(KesEQW5) GD TC 101
IF(KsEQa8) GO TCO 101
IF(KsLEs9) GO TR 1002
CONTINUE

CONTINUE

DO 80 I=1,.,82
D(Ivl)-—"’L(Ierl)

DO 90 J=2,2

D{IsJ)=0n

K=2
D(IsJ)=DlYsd)+L(Is(J+1),%)
K=K+3

IF(KsLEA28) GO TG 1003
CONTINUE

CONTINUE

DO 110 I=1,62
E(Is1)=L{I+251)

PO 120 J=2,3

E(I+J)=0.

K=1
TUIsJ)=E(TI U040 (T4 J+1),K)
K=K+1

IF{KeLEo6&) GO TO 1004
CONTINUE

CONTINUE

DN 130 I=31,62
F(I)l):L(IvE)I)

DC 140 J=2,3

F(I':J)=Co

K=1
FUTosJISFIT LU+ {I,(J+1),K)
K=K+

IF (KeEQ.2) GO TO 102
IF(KeEOQnE) GO TO 1C2
IF(KsEQs9) GO T 102
IF(KaLEW.8) GO TO 100S
CONTINUE

CONTINUE

DO 150 I=1,62
T{(Iel)=1(1,2,1)

DO 160 J=2,3

T(I+J)=0o

K=1
TCLoI)=TCI 2 ) +L{T,(U+1),K)
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23 . “...kﬁg¥imhm .
832 IF {KalLE»Q) GO 7O 1006
83 160 CONTINUE
84 10 CONTINUE
35 DO 300 K=1.,9
8¢ Z=K+9
87 WRITE (NW,201) : )
88 2C1 FORMAT (10 /24 Xs68((0%2 ) /8 1 32X L,6R( X0 ) /0 v I, 60tk ))
89 WRITE(NwW,202)
Q0 202 FORMAT( 34X VKT 652X, YU
91 WRITE(NW,202)
92 WRITE(NWL203)K
93 203 FORMAT( FaX o 122k ¥ ¢ SX , tSTRAINS DUE TN UNMIFNRM LOaD = 200 PSF N
IN- PANEL P 3 I1,5X, vhixy)
4 WRITE(NW,202)
Q95 WRITE(NWL204)2
96 - 204 FORMAT (34X, ikt , 17X, L. CAD NG ',12, 86X, 1SECOND LEVELY 317Xyt xkXkt)
Q7 WRITE(NY,202)
Qs WRITE(NW,202)
SG WRITE(NW,208)
100 208 FORMAT( e X 68((7%2))
101 WRITE(NW.2CE)
102 WRITE{(NW,205)
103 WRITE(NW.2.C8)
104 208 FORMAT( /77 » 24X E8(VHY))
100 WRITE(NW,20%)
10¢€ WRITE{NW,208)
107 WRITE(NW,207) :
108 207 FORMAT( BAXv'***’v5X-'*'clle'*‘vlng'**?oﬁXo'*'yl1Xo'*',11X;'**
1%t}
e WRTITZ (NW,208)
19 208 FORMAT( ILXp Pk GAGE = STRAINS ¥t STODATNS xXx GAGF * STRAINS
1 % STRAINS gk ¥ ) .
i1 WHRITE(NW,207)
12 WRITE(NW,2CS)
13 2049 FQRMAT( Ia4X, P Rwk N = X=DIB, ¥ Y-DI2 . esk N R X=-NDI2.,
1 e Y-DIic, ok Y )
14 WRITE(MW,207)
15 WRITZE(NW.210)
1ée 210 FORMAT( TAaA Ky ThER * IN X 10 * IN X 10 LR * IN X 10
1 = IN X 10 HERY )
117 CWRITE(NWL207)
8 WRITE({(NW,208)
119 WEITE(NW-205)
120 WRITE(NW»>207)
121 DO 310 I=1,31
122 w=1+31
122 310 WRITE(NW,211)(L(YsJaK) yJ=2,8), (L (W v JeK) s U=2,48)
124 211 FORMAT( 34Xy VAN (FHH1 v TR GFDL T 32X TR FQuly 2Ky Tk ,FRL 1

1o 0" 3 FOals2Xy k8 sFGul 32X o %% 1 ,TAD , 7 8 ,T74,70 1/34X, " skk? 65X, Tk 1,
211Xp THT LI Xy THE Y S EX, PTG 11Xy %0, 11X, Vhkn?)
125 __WRITE{M®,205)
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128 WRITE(NW,2085) T )
127 WRITE(NW,205)
12a 300 CONTINUS
129 WRITE(NW,201)
130 WRITE(NW,202)
131 WRITE(NW,202)
132 WRITE(NW,212) : .
1373 212 FORMAT! BaXytHhkEV 4%,V STRAINS DUSE TN UNTFORM LOAD
IN ALL PANELS 1, Vo)
134 WRITE(NW.202)
135 WRITE(NW,213)
136 213 FORMAT( BAXy VXXV ,DAX, 1ISECOND LEVEL Y 328X, t k)
137 WRITE(NW,202)
138 WRITE(NW,202)
139 WRITE(N®W,205)
140 WRITE(NW,205)
141 WRITE(NYW,20E)
142 WRITE(NVW,2056)
143 WRITE(NW,208)
144 WRITE(NW,203)
145 WRITE(NW,207)
146 WRITE(NW,2C8)
147 WRITE(MW,207)
148 WRITE(NW®,2.09)
149 WRITE(NW, 207)
150 WRITE(NY 210}
151 WRITE(NW,207)
152 WRITE(NW,205)
153 WRITE(N®W,205)
184 WRITE(N%.2C7)
158 DO 320 1=1,31
158 Ww=T+31
157 32C WRITE(NW, 2110 TLIsJ)aJd=1,7),(T{w sy vd=1,3)
152 WREITE(N®,?03)
159 WRITE(NY,205)
1567% WRITE(NWL205)
181 : IND=1
142 CALL TITLE (A,IND) .
1673 - INO=2
164 CALL TITLE (B, ING)
165 INO=3
156 - CALL TITLE (C,IND)
167 INO= &
168 CALL TITLE (D, INO)
165 INO=5
170 CALL TITLE (E.,INO)
171 IND=6
172 CALL TITLE (F,INO)
173 X=2e0
174 Y=0.0
175 CALL PATERN(AIB»CIDsEsF 3Ty MNP 30:B,S,XsYy»S=XT)
_1_76 X=1e6 . _ . .
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Lo o g gy

177
178
176
120
181
182
183
184
125
186
187
188
189
190
101
192
193
194
198
166
1e7
168
159
200
201

c0z
20>
204
20¢
206

DN N

214

205
207
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CALL PATERN(ABIyCyD 1 EsFoTyMoB 4Py QsP 3T e Xy Yy EXT)
X=1e5
Y=e5

CALL PATERN(A»B»CrD1EsFsTyMaD Py QrPeSsXsY, FXT)
X=1e33232

Y=sEEET
CALL PATERN(A2sE3CalsEsF Ty MsCyPQrPySeXsYy EXT)
X=1o

Y=1a

CALL PATERN{A»BsCoCrE2FsToMeT,P30,ReS, Xy Yy EXT).
=e8HET

Y=1,33233

CALL PATERN{ABsCsDeEsF s T o M3 Py CyR1SsXeYs=XT)
=65

Y=1a5 )

CALL PATERN(AB sC I +EsFsT M3 4yP3QvRySaXy Y, EXT)
=421

Y=1o559

CALL PATERN{A B sCsDsEsF 3T M3 2PyQsRy S XY, EXT)

Xzt ‘

Y=126 .

CALL PATERN(As B yCs D3 EsFaToaM3QaP 30 sPsSeXyYsyEXT)

STOP

END o

SUBROUTINE TITLE(A,INO)
DIMENSTION A(G2,3)

Nu=g

WRITE (MNuw.214) INO '
FORMAT( Y17 /34X 288 %2 )/  BEX,ER(E=3)/  A4X,BR(F%1),2(/,  RaXe k%
150 062K, Tk 1)/ BLX, tksuT ,IX,ISTRATNG DUS TG UNIFOPM Lale = 200
2 BSE DN MARKED PANELS  &=mki/  B4X, st 62X, Vkkxt, 24y, kkkt 1

A0Xs'lole PATTEPN LCADING NT!' 4y I2-,4X, PSECOND LEVEL Y (10X T %&x?,2( /34
DX o ¥Feen 52K PkhN2 ), 3(/4X,68(1%1)) //2{/RAX,AB (k) ))

WRITE(N®.207)

WRITE(NW,208)

WRITE(NW,207)

VRITE(NW,209)

WRITE(N®%+207)

WRITE(NW%W,210)

WRITE(N%,207)

WRITE(NW,205)

WRITE(N®,205)

WRITE(N%207)

FORMAT ( 34X 6201 xV))Y)

FORMAT( BAX g0kt EX gt dt 11X gtk g 11X V% GABX 3 T%P ,TIX, %0 11X, k%
1x¢0)

P Y
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210 208 FORMAT( 3ax,'kk GAGE * STRAINS * STRAINS ** GAGE * STOAINS S
1 % STRAINS #¥xv) ) |
220 209 FORMAT{ 34X, '%%* NO *  X=DIR. % Y-DIS., *% N0 x  x-DIo.[
1 x Y=DIR, k%xk?) , .
221 210 FORMAT( BUXy tHEk = IN X 10 % IN X 10 %% k IN X 10
1 * IN X 10 HEEV) '
222 DO 330 I=1,31 .
223 330 WRITE(NWs215) (AT J)2d=1,2), (AC((I+31),J),J=1,3)
224 215 FORMAT( UK UkAES L FH 1 P TEY G FO 102X, T s F Qa1 2X, 1 %KY FA, 1

1+ %0 FQa1 32X V%Y yFGy1y2X,tktext T4z ¢ VaT7 4, -'/3‘*)(,‘*‘*-"3(',6)(,'*'.l"'j
21IX gt 311X PRK? g BEXy PV 3 11X P8 ? 311X, Hkkv)

22¢ WRITE(NW,205)
226 WRITE(N®W,205)
227 WRITE(NWS205)
229 RE TURN
226 END
C
C
Cc
ot
230 SURRDUTINE PATERN(AIRsCyey Dy EsF s TaMeD0sP 30925 Sy Xs YyEXT)
231 IMPLICTIT REAL*&(M)
232 INTEGER W, .
233 DIMENSIUN"A(6293)vE(62v?)oC(6?-?)’D(5?93)sE(5?93)vF(69’3)9T(62a?)qf
I1M{E2+8)2y0(62,5)1+3P(E€24+5),0(E24513F(H2,T) 3,3 (A248),TEXT(EHR:3) g
234 w=1 )
238 CALL MOMENT(A»TsMyXsYy¥)
23% W=2 ' '
237 CALL MOMENTI(BsTs0sXaY W)
238 W=22
239 CALL MOMENT(CrTsPaXsYsW)
aan w=a .
241 CALL MOMENT(D>T+DsXsYsW)
242 W=5
243 CALL MOMENT(E,T,Rs X, Y, W)
244 . W=g
24¢% CALL MOMENT(F s T+sS2X2Y W)
246 CALL EXTREM(MsO9sPsNaR+S Xy YyEXT)
247 RETUPN '
248 END
C
C
C
C
249 SUBROUTINE EXTREM{MsOsPsQaR»S+ Xy Yy EXT)
250 IMPLICIT REAL*4 (M)
251 DIMENSION M(62,E),0(E2+:35)+P(6245)+Q{E245)YR(B2+:5)+4S(E2,5)FEXT(H2,
15) :
252 Nw=6

253 DO 700 I=1,62




254
25¢
256
257
258

25¢

260
261
262
263
264
268
26€
267
268
269

270

271
272
2732
274
275
276
277
278
27%
280
231
282
283
2n4
2as
284
287
288
235
290
291
262
2a3
294
295
296
297
293
299
300
301
202
303
304

305 .

700

720

740

710

EXT(I+1)=M(T1,1)
DO 710 J=294t2

DO 720 TI=1,28
EXTIT o J)=F(1,J)
CONTINUE

DO 730 1=2G,45
EXT(I ,J)=S{1,4)
CONTINUE

DO 740 1=46,56
EXT(I,J)=Q{I+J)
CONTINUE :
EXT(574J)=P (57 5J)
EXT(58,J)=S(58,J)
EXT(59,J)=5(59,J)
EXT(ﬁO,J):p(E‘;OtJ)
EXT(61+J)=S(E14+J)
EXT(B2:J)=S(62,J)
CONTINUE

DO 750 J=3,+5,2
EXT(12J)=0(1+J)
EXT(2,4)=0(2,J)
EXT(B,J)=P(3,J)
EXT(4yJY=R{4,J)
EXT(S5,J)=M(Z,J)
EXT(6sd)=M(6+J)
EXT(7,3)=M{7,J)
EXT(8,d)=M{8,J)
EXTC @,d)=¥( 9,J)
EXT(10:J)=0(10,J)
EXT(11,4)=R{11,4)
EXT(12,J)=M(12,J)
EXT{13,J)=M{13,J)
EXT(14,0)=0(14+J)
EXT(1S,J)=R(15,J)
EXT(16:J1=M(16.J)
EXT(17,d)=N(17,J)
EXT(18,J)=0{18,J)
EXT(19.4)=0(19,J)
EXT(20-,J)=R(20,J)
EXT(21,4)=M(21 ,3)
EXT{22,J)=M{22.J)
EXT(232,J)=M{23,J)
EXT(24+sd)=M(244J)
EXT(25,J)=C(25+J)
EXT(26,3)=R(264+J)
EXT(27+J)=M{27 +J)
EXT(28,J)=M{28,J)
EXT(29,J)=0(2%+J)
EXT(30+J)=R(304+4)
EXT(31,3)=M(31,J)
EXT(32vJ’=M(321J)
EXT(33,J)=C(33+J)
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306 EXT(34,4)=0(34,J) T
307 EXT(35,J)=R(35,J)
308 EXT(26+J)=R(38,J3)
309 EXT(374J)=M(37+3)
. 310 EXT(38,4)=NM(38,J)
311 EXTU39,J)=M(39,J)
312 EXT(404sJ)=M(40,4)
313 ' EXTC41,0)=M{41 ,J)
314 EXT{(42,4)=0(42,4)
315 EXTL43,U)=R(43+J)
31e¢ EXTC(44+J3=M(44,J)
317 EXT(45,J3=M(465,J)
318 EXT(A6,J)=0046,4)
219 EXT(47+J)=R(4T+3)
320 EXT(48,4)=M{4854)
321 EXT(49s3)=M(£G,J)
322 EXT(S0,4)=0(50+J)
323 CEXT(S1,4)=0(51 ,4)
324 EXTL{S2:J)=F{S52+J)
325 EXT(S3,J)=M(353,J)
32¢ EXT(S544+J)=M(564 ,J)
327 EXT(5S5,J)=M(55,J)
328 EXT(S56+sJ)=N(S56+J)
329 EXT(S57+4J)=R(575J)
230 EXT(58,J)=R{(58,J)
331 EXTI(56,J)=R(5C,4)
332 EXT(B0+II=M(E0,4)
233 EXT(A1,J)=4{61,4)
334 EXTL62,J)=M(E2,3)
338 750 CONTINUE
336 WRITE(NW,24C)
337 44% FORMAT(Y14//10%,10C(7%3))
328 WRITE(Nw,500) ’ .
339 WRITE(NW,501D)
340 WRITE(NW,S00)
341 S0C FORMAT(1GX,100(?'*1))
342 , WRITE(NW,501)
343 WRITE(N®%,5C1)
244 501 FORMAT{1GX»"%k%? ,QaxX, ?xdx? ) N
345 WRITE(NW,701)
346 701 FCRMAT{19X,'%%x%kt 24X, 'EXTPEME VALYFS OF STRAINS AMD MOMTNTS DU
1TOT 328X, V5%
347 WRITE(NW,S501)
248 G=200e%X
345 H=200e%Y
350 WRITE{NW+702)Gsk
351 702 FORMAT{19X,*4%%7,21X, "UNIFCRM Dola="',Fb,1, ' PSF + UNTFORM Lol,=¢
1sFBGals? PSF1,22X,  %%k%?)
352 WPTITE(NW.501)
353 WRITE(NW,703)
354 703 FORMAT(19OX 73%k%? ;41X, '"SECOND LEVEL 7,4 1X, skc&%t)

355

L WRITE(NW,501)




356
357
358
259
360
361
362
363
364
365
366
267
368

269
370
371

372
373
374

375
376
377
378
379
380
381

[RVIRAY
[o+ 200 KAy B 54 B e )
NN

W W
m

387

338,

389

390.

' 391
392
393
394
395
. 39¢

704

506

507
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WRITE(NW,501)
WRITE(NW,500)
WRITE(NW,500)
WRITE(NW,S00)
WRITE(NW,500)
WRITE(NW, 704)
FORMAT(//19X+100{(***))
WRITE(NW,S00)
WRITE{NW.500)
WRITE(NW,506)
FORMAT(1GX, # &%
WRITE(NW»507)
FORPMAT(1GX kx>

P20 TH T BNV HTSAX, TR JOX, TR LOX, TR L OX VKT ), 1KY )

22(**% GAGZ ¥ STRAIMNS ¥ STRAIMS * MOMENTS #* MOMENTS

1), vk )

.508

annn

1

509

WRITE(NW,506) _
WRITE(NW,S5C8)
FORMAT (19X, " %%
) Gk )
WRITE(NW,506)
WRITE(NW,509)
FORMAT(1QX,t%xe

»2(t%x NO # X-DIR. * Y=DIR., * X-DIP, % Y=DIP,

+#*

s 2( V% INX10 * INX10 * LRa INMs * LBoe IMs

IEIRTEES SR

1aIXs PxET qFB,1, 9% ,F2,1,1X, ?%? ,FB,1,1X.1%
2% 4 T27 .

WRITE(NW,506)

WRITE(NWOSCQ)

WRITE(NW,500)

WRITE(NW.S506)

DO 260 I=1,31

WRITE(NW,S1I0){EXT(T2Jd)»J=1s5) s (FXT({I+TF1)4J)ed=1,+45)

FORMAT (19X o T ¥% 9 ,FRa 1, 15T ;FRe1 41X, "7 (FRLT,1X, "% (F8.1 51X, %

VaFSael 51Xy TR S FSL1 41X, Yk

x

¢ ’T?S" '/1QX"**‘,2('*'":'-}X"*'vg.\'v'*',cxy'*"QXv

200 ), VR

WRITE{(NW,520)
WRITE(NW,5C0)
WRITE(NW,S00)
RETUPN

END

SUBROUTINE MOMENT(A»TsMsXy YaW)
IMPLICIT REAL * 4{A,TeNMsX,sY)
INTEGER W

DIMENSION A{(62:3),T(62,
Nw=6
U=2094Ga.2
V=7332+2

DO 340 1I=1,62
M{Tel)=A(T41)
DO 350 J=2,43

2y M(E2,5)
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MU J)SXAT (L2 d d+YHACTLU)

CONTINUE
M(Taa)={UxM{I,2)4+VEM{I,3))/1000000a0
MUI,S)=(UEM(I,3)4+V¥M(1,2))/1000000,0
CONTINUE '
IF({XsEQ»203G0 TO 800

WRITE(NW,440)
FORMAT('1'///1G6X,100(" *%))
WRITE(NW,300)

WEITE(NW,500)

FORMAT(19X,100( "%"))

WRITE(NW.S501)

WRITE(NW,501) "
FORMAT{1GX, " REHAE ,GaAX,y Vb k? )
WRITE{NW,502)

FORMAT( 19X, Y#% % , 34X ' STRAINS AND MOMENTS DUE TO? 3 34X, "hk%v)
WRITE(NW,501)

H=200o %Y

WRITE(NW»S02)GaH

FORMAT (19X s kX% 1 3 1 AX,TUMIFCPM Dol a=13FFo1," P3F + UNTFORM ‘Lalos="?
1,F6a1,?! PSF ON MARKED PAMELSY, 13X, "x¥%x0)

WEITE(NW,501)

WRITE(NWLS504)YW

FOPMAT (19X s Tk g 00X, 'PATTERN LOADING NOLY, T2, SECOND LEVEL?!,2
1R X, Pkt ) : '

WRITE(NW.,S01)

WRITE(N%.501)

WRITE(NW,500)

WRITE{(NW.S00)

WEITE(MNW,500)

WRITE(NW,505)

FORMAT(/ /719X, 100(**1))

WETTE(MW.500)

WRITE(NWLS5C0)

WRTTE(NW,506)

FORMAT 1QX 415k 1,0 ( 4k 3 AKX 7 21 ,GX P ¥ 30Xy 170 qGXy P2 ,QX, ¢t %1 ), Vai?)
WRITE(NW,S5C7)

FORMAT{19X s "%%k?,2( t%x GAGE * STRAINS * STRAINS X MOMENTS % MOMENTS
1K1 ), 0%k ) '
WRITE(NYW,506)

WRITE(NW,508)

FORMAT{19Xs'%%x®,2{ %% NO * X=DIR, * Y=D
148 ), HkT)

WRITE(N®W.,506)

WRITE(NW,509)

FORMAT (19X 9% %% ? 42{ ¥ £ TNX10 * INX1O0 * L Be INa * 1 Bs IN
1%2 ), vadkT)
WEBITE(NW,506)
WRITE(NW,500)
WRITE(NW,500)
WRITE(NW,505)

]
b}
]

* X=DIP, % Y¥Y=DIR,
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444 ' DQ 360 I=1,31
ans 360 WRITE(NWsS10) (M{I4Jd)ad=1,5),{M({I1+31),J)sJ=155)
446 S10 FORMAT(IOX " *%k? gFE o1 3 %3 (FRa1,1Xs1*T  FQa1,1X4 1%, FRa1,1X, *%?,FA,1

1ol Xtk ,FEgl g% gFBal 1 Xy 128 ,FRa1,1X3%%1 ,FBa1,1X,Tk",FO,1 31X, *%%x
215727, T L,T75,"* V/10Xy P x%0,2( V%0 08X "RV, QX P HT X TR, GX,0%T 49X,
Frxe), take)

447 WRITE(NW,S5C0)
448 WRITE(NW500)
449 WRITE(NWS00)
450 300 RETURN

4S1 END

FENTRY
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EXAMPLE "'1-A"

Theoretical Design Moments

by ACI 318-71

DIRECT DESIGN METHOD

AL 14 14" |3l
M '
@_N') oD - D D - o
~/ ~/ N/ N/
= 1
©
2% 1" DIA,
® ——-o———3 YRl
] ! '
©
]
@' sy - A Fary - Panl
N/ \V N/ Y
= '
©
]
D=t o - —B
Y -
Vy
Design data:
L.L. = 184.6 psf
D.L. = 61.54 psf
— No column capitals or edge beams.
-~ Storey hkight, center toc center = 10-1/2 in.

— Slab thickness = 0.486 in.

— Direct design method limitations are satisfied.

- WERRR
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Design loads: Wy T 1.4 x 61.54 = 86.2 psf
w, = 1.7 x 184.6 = 313.8 psf
w o= 400 psf = 2.778 psi
4 ,
_md’ . 4
Ic = = 0.0491 in
_ Bl.54 _
Ba= T84.60 = 0-33
x = 0.486 in
y = 0.89 in
3
c = (1-0.63 %) 3‘—31 = 0.02234
o, = 0.00




FIRST LEVEL
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- Transverse strips, y-direction

(a) Column lines 2, 3 - Interior<°:.:> (]3>
A " . 1" SYMM
I = 0.1339 16 8.
° 1] qr
Zl, 22, c, Rn 16",14",0.89",15.11" 16,14,0189315.11
22/21 0.875 0.875
WZZZﬁ
Mo i — 1109.9 1b.in 1109.9 1b.in
%*
K (above) = 4I /% 0.0187 0.0187 '
c c' e
*
K (bélow) = 4I /% 0.0187 0.0187
c c' e .
ZKC 0.0374 0.0374
%
_ 9¢c - t
K =i— 0.03498, 0.03498
t €2.3
2,1 - =5
2 22
Kec (ACI eq. 13.5) 0.0181 0.0181
41 "
K =75— 0.03348  0.03348 | 0.03348 |
s 21
o =K /JIK 0.5406 0.2703
ec ec’ s
1+ -1 2.85 4.7
o
ec
I) % M (ACI Section 13.3.3) 22.8 53.2 71.5 65 35
(fo a_ > 2)
a
Design M slab -253 +590 -793 [-721 -++389
M for column strip =253 +354 =595 {-541 +233]
M for middle strip 0.00 +236 -198 -180 +156
M for column strip/in -36.1 +50.6 -85 -77.3 +33.3
I
M for middle strip/in 0.00 +33.7 -28.3 [~25.7 +22.?

*
As E is constant it may be omitted:




f e

I1)
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o d : SYMM
@ 16" ® gn [
Provisions for effects e '
of pattern loadings "
(ACT 13.3.6) !
o . = 2.1 (ACI Table 13.3.6.1) |
min !
|
2K .
< i
ac K 1.12 0.56 !
)
2-8_ o,
ﬁs =1 + i B (1- . ) 1.18 1.28
min
118428 _ 5 23 1.28
M for column strip -172 +435 =514 . -476 +298
M for middlezstrip‘ 0.00 +290 -90 -136 +200
M for column strip/in -24.6 +62.1 -73.4 -68 +42.6
M for middle strip/in 0.00 +41.4 -12.9 -19.4 +28.f
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(b)

I)

II)
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Column lines 1, 4 - Exterior

16" 8"
I = 0.0981
s 2 T T
o w§£2/2)ln
MM = —— 555 1b.in ‘555 1b.in
.o 8 |
Kc(above) 0.0187 0.0187
Kc(below) 0.0187 0.0187
ZKC 0.0374 0.0374
Kt(l/2 for column line '2") 0.0175 0.0175
0.012 0.012 !
ec
KS 0.0245 0.0245 [0.0245
oo =K /I 0.49 0.245
ec ec’ s
1+ 3.04 5.08
o !
ec
% Mo (for Ba > 2) 21.4 53.8 71.7 65 35
Design M slab -119 +299 -398 -361 +194
M for column strip -119  +179 2299 ~271 +116
M for middle strip 0.00 +120 - 99 - 90 +78 |
Provisions for effects
of pattern loadings o ., = 2.1
min
ZKC
OLC = 'Z—K—— 1.53 0.76
2-Ba % |
65 =1+ s (1 o ) 1.10 1.25
a min
1.141.25 _ 1.175
2
M for column strip +210 +145
M for middle strip +141 +98
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- Longitddinal strips, x-direction

(a) Column lines B, C - Interior:

I

I = 0.153
s

)
Zl, lz, c, &n

22/21
wl lnz
M = 2
o 8 .
Kc(above) = Kc(below)

K
(o4
_ 9¢c
e = €53
2,01 - 79
2
K
ec
K = 4I_/%
oY =K /IK
ec ec S
1+ -1
o
ec

% MO (for Ba > 2)
Design M slab

M for column strip

M for middle strip

M for column strip/in

M for middle strip/in

OF - @

14" v SYMM
i L
14",16",0.89},13.11" | 14,16,0.89,13.11
1.143 1.143
.954.9 1b.in | 954.9
0.0187 0.0187
0.0374 0.0374 |
0.0298 0.0298
0.01659 0.01659
0.0437 0.0437 | 0.0437
0.3796 0.1898 :
3.63 6.27
17.9  55.3 72.2 |65 35
-171 4528 -689 |-621  +334
-171 4317 =517 |-466 +200 |
0.00  +211 -172 |-155  +134
24.4  +#45.3 -73.9 |[-66.6  +28.6
0.00  +23.4 -19.1 |-17.2 - +14.9




I1)

Provisions for effects
of pattern loading
(ACI 13.3.6)

a ., = 2.59
min

a = XK /IK
c o] S

2-8 o

_ - a _ c

65 =1 + v (1 o

a min

M for column strip

M for middle strip

M for column strip/in

M for middle strip/in

- 252 -

O ® o
. 14" 7"
Il Ll
0.86 0.43 ,
1.26 1.32
L.2641.32 _ | L4
2
~79  +409  -425  |-402 +264,
0.00 +272 -50  |-112 +177
-11.3 +58.4 -60.7 |-57.4  +37.7
0.00 +30.2 -5.6  |-12.4  +19.7
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(b)

1)

I1)
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Column lines A, D - Exterior<1>

I = 0.1077
s

M
o

Kc(above) = Kc(below)
ZK
c
Kt(1/2 for column line "B")
K

ec

K
s

03
ec

1+ 2
[0
ec

% Mo (for Ba > ?)

Design M slab

M for column strip

M for middle strip

Provisions for effects

of pattern loadings o_.
min

M for column strip

M for middle strip

n o SO
L
477.5 477.5
0.0187 0.0187
0.0374 0.0374
0.0149 0.0149
0.0107 0.0107 '
0.03077  0.03077  |0.03077
0.348 0.174
3.9 5.7
16.7 55.8  72.4 65 35
80 4266  —346 -310 +167
-80  +160 -260 233 +100
0.00 +106 -86 ~77 +67
= 2.59
1.22 0.608 |
1.20 1.29
1.2041.29 _ | L,
2
+199 +129
+132 +86
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SECOND LEVEL

- Transverse strips, y-direction

(a) Column lines 2, 3 - Interio?i:>
A

®

16" 8" sm
I = 0.1339 '
s T Tt
21, 22, ¢, &n 16'",14",0.89",15.11" 16",14",0.89",15.11"
ﬁz/Zl 0.875 0.875
2 -
wlzln
Mo = ) . 1101.9 1b.in 1109.9 1b.in
Kc(above) 0.0 0.0
*
K (below) = 41 /% 0.0187 0.0187
c ¢ e
ZKC 0.0187 0.0187 l
K = 0.03498 . 0.03498
2,1 - 557
2
Kec(ACI eq. 13-5) 0.01219 0.01219
b1_ %
K =—— 0.03348 0.03348 0.03348
s 21
[
a =K /I 0.3641 0.182
ec ec’ s
1
1+ R 3.75 6.5
ec
1) % Mo (ACI Section 13.3.3) 17.3 55.5 72.3 65 35
{for Ba > 2)
Design M slab | -192  +616 -802.5 |-721 +389 |
M for column strip ~-192 +370 -602 =541 +233
M for middle strip 0.00 +246 -200.5 -180 +156
M for colummn strip/in -27.4 +52.9 -86 -77.3 +33.3
M for middle strip/in 0.00 +3511 -28.6 -25.7 +22.3

*
As E is constant it may be omitted.




11)

Provisions for effects

of pattern loadings

(ACI 13.3.6)

o . =2.1
min

M for column

M for middle

M for columm.

M for middle

strip
strip
strip/in

strip/in

- 255 -~

(Z§>

SYMM
16H 8"
HI ]
]
0.56 0.28
1.28 1.33
1.28+1.33 _ | ...
2
|
-79  +483 489 ~464 +310
0.00 +321 =51 -128 +208
-11.3  +69  -69.9 -66.3 +44.3
0.00 +45.9 -7.3 -18.3 +29.7
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Y

II)
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Column lines 1, 4 -~ Exterior:

I = 0.0981
s
w(22/2)£n2
M o= —=
o 8
ZK
¢

Kt(l/2 for column line "2'")

ec

y N

% Mo (for Ba 2)
Design M slab

M for column strip

M for middle strip

Provisions for effects

of pattern loadings
o = IK /IK
c c' s
2_Ba %
6s =1+ 4+8 a- o_. )
a min

Mifor column strip

M for middle strip

®

(Ii) SYMM

16" 8"
L i
555 1b.in 555 1b.in
0.0187 6.0187
0.0175 0.0175
0.00904 0.00904
0.0245 0.0245 | 0.0245 |
0.369 0.1845
3.71 6.4
17.5 55.5  72.3 |65 35
-97  +308  -401 |-361 +194
-97 4185  -301 |-271 +116!
0.00 +123  -100 |-90 +78
amin = 2.1
0.76 0.38
1.25 1.31 i
1.2541.31
2
+237 +152
+157 +102
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II)

I = 0.153
s

L1s %y ¢, 2m, 22/21

1’

M
o

%M (for B > 2)
Design M slab

M for column strip

M for middle strip

M for column strip/in

M for middle strip/in

Provisions for effects
of pattern loadings
(ACI 13.3.6)

o . = 2.59
min

o
(o

§
s
M for column. styip

M for middle strip

M for column
M for middle

strip/in

strip/in
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- Longitudinal strips, x-direction

(a) Column lines B, C - Interior:

0}

®

14" yAl SYMM
14,16,.89,13.11,1.143
1
954.9 954.9
0.0187 0.0187
0.0298 0.0298
0.01149 0.01149
0.0437 0.0437 0.0437
I
0.263 0.1315
4.8 8.6
13.5 57.2 .73 65 35
-129 +546 —697 -621 +334
-129 +328 =523 -466 +200'!
0.00 4218 =174 -155 +134
-18.4 +46.9 -74.7 -66.6 +28.6
0.00 +24.2 -19.3 -17.2 +14.9
0.43 0.215
1.32 1.35
1.32;1.35 _1.335 !
-19 +438 -413 -396 +270
0.00 +291 -28 -108 +181
-2.7 +62.6 =59 -56.6 +38.P
0.00 +32.3 -3.1 ~12 +20.1
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(b)

i)

II)
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Column lines A, D - Exterio?i:>
|

I = 0.1077
s
M
o
ZKC = Kc(below)
Kt

K
ec

%M (for gﬁ > 2)
Design M slab
M for column strip

M for middle strip

Provisions for effects
of pattern loadings

M for column strip

M for middle strip

in

?
7"

14"
HI UL
477.5 477.5
0.0187 0.0187
0.0149 0.0149
0.0083 0.0083
0.03077 0.03077  |0.03077
0.269 0.135
4.7 8.4
3.8 57 72.9 65 35
-66 +272  -348 -310 +167
-66 +163  -261 -233 +100
0.0 +109  -87 -77 +67
. =2.59
min

0.608 0.304
1.29 1.34

1.2941.34 _ | o«

2
+214 +134
+143 +90
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EXAMPLE '1-B"

Design Moments by ACI 318-63 ' EMPIRICAL DESIGN METHOD
| 14" L |4I| |4u
| | I X
+-— = -
© [ 1" Dial !
A P N a2 {IYR -
) A
©
- —1& o—— —0 er—
© ! | ' !
"y
Design data .

w = 400 psf
- No column capitals or drop panels

- Storey height, center to center = 10-1/2"

Slab thickness = 0.486 in

1
[
|
'_I
I~
o

L = 16" L /L = 1.143
y y x

Empirical design method: limitations are satisfied.

_ 26,2
Mo = 0.09 WLF(1 I
X , ‘ 400
in which: F = 1.15 - C/L, W=14 x 16 x — = 622.222

144

1bs




- P

- Tranverse strips, y-direction:

Fy = 1.15 - 1/16 = 1.0875

- 260 -

_ 2x1 2 _ )
Moy = 0.09 x 622,222 x 16 x 1.0875 (1 - 3xl6) = 894.9 1b.in
Column strip: :
. 7.y
% Mo (-46) +22 =50 +28 -40
M +196.9 -447.5 +250.6 -358.0
Middle strip:
% Mo (-16) +16 -18 +20 -10
M +143.2 -161.1  +179.0  -89.5
(Column + Middle) stripé:
% Mo +38 -68 +48 =50
M +340.1 -608.6 +429.6 ~447.5
- Longitddinal strips, x-direction
Fx = 1.15 - 1/14 = 1.0788
M= 0.1 x 622.222 x 14 x 1.0788 (1 - =232 = 767.2 1b.in
. ox : : : 3x14° . .
Column strip:(8") ——
% M0 (-46) +22 -50 +28 -40
M. R T +168.8 ~383.6 +214.8 -306.9
% M for 7" (7/8x8™) +19.25 -43.75 +24.5 -35
M for 7" (7/8x8") 414727 -335.6 +188. ~-268.6
Middle strip: (8")
% Mo (-16) , +16 -18 +20 -10
M +122.8 ~-138.1 +153.5 -76.7
%z M for 9" (8" middle
+ 1" column) +18.75 -24.25 +23.5 -15
M for 9" (8" middle
+ 1" column) +143.8 -186.0 4+180.3 -115.1
(col. + mid.) strips
yAl gm |
2 M +38 -68 +48 -50
o
+291.5 -521.6 +368.3 -383.7
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ACI 318-63
Provision 2104(B):
2nd level:
3
IC = ——E—E—W— x (2-2.3 h/H) assume
min 0.5 + ﬁQ
L
IC = 0.04 x 1.9 = 0.076
min
Ic = .049 x 1" = .0491
actual
K= .66
2
- (1-K) -
Tl aoE+ e wwy - 10
- DL
2
= (1-K) _
R =i+t T +o.1wwy - L-08
. "L
assume WD = 4 Wi
Ic = ,0287 x 1.9 = 0.054
min
K= .92
Rp =1+ .004 = 1.004
assume WD =1 WL = 3.64
I = .246 K= .2
c
min
R =1.21
n
R =1.52

WD =2 Wi

H = 10.5/12 ft ,- t = .486 in.

for -ve moment

W'D/WL = ,275




APPENDIX D

CHAPTER 13 OF "BUILDING CODE REQUIREMENTS FOR RE-
INFORCED CONCRETE (ACI 318-71)'"', AND CHAPTER 13
OF ''COMMENTARY ON BUILDING CODE REQUIREMENTS FOR

REINFORCED CONCRETE (ACI 318-71)"
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APPENDIX D

CHAPTER 13. OF THE BUILDING CODE REQUIREMENTS FOR
REINFORCED CONCRETE .(ACI 318-71)

SLAB SYSTEM WITH MULTIPLE SQUARE OR
RECTANGULAR PANELS

Notation

= size of rectangular or equivalent rectangular column, capital,
or bracket measured in the direction in which moments are
being determined.

= size of rectangular or equivalent rectangular column, capital,
or bracket measured transverse to the direction in which
moments are being determined.

= cross-sectional constant to define the torsional properties.
See Eq..-(13-7)

= distance from extreme compression fiber to centroid of tension
reinforcement.

= modulus of elasticity for beam concrete.

= modulus of elasticity for column concrete.
= modulus of elasticity for slab concrete.
= overall thickness of member, in.

= moment of inertia about centroidal axis of gross section of a
beam as defined in Section 13.1.S5.

= moment of. inertia of gross cross section of columnms.

= moment of inertia about centroidal axis of gross section of
slab

= h3/12 times width of slab specified in definitions of o and Bt.
= flexural stiffness of beam; moment per unit rotation.
= flexural stiffness of column; moment per unit rotation.

= flexural stiffness of an equivalent column; moment per unit
rotation. See Eq. (13-5)
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flexural stiffness of slab; moment per unit rotation.

torsional stiffness of torsional member; moment per unit
rotation,

height of column, center-to-center of floors or roof.

length of clear span, in the direction moments are being
determined, measured face-to-face of supports.

length of span in the direction moments are being determined,
measured center-to-center of supports.

length of span transverse to ll’ measured center-to-center of
supports.

total static design moment.
design load per unit area.
design dead load per unit area.
design-live load per unit area.

shorter overall dimension of a rectangular part of a cross
section.

longer overall dimension of a rectangular part of a cross
section.

ratio of flexural stiffness of beam section to the flexural,

stiffness of a width of slab bounded laterally by the center
line of the adjacent panel, if any, on each side of the beam.
EzpTh

ECSIS

ratio of flexural stiffness of the columns above and below the
slab to the combined flexural stiffness of the slabs and beams
at a joint taken in the direction moments are being determined.

ZK
—_—C
z (KS+K.b)
ratio of flexural stiffness of the equivalent column to the

combined flexural stiffness of the slabs and beams at a joint
taken in the direction moments are being determined.

K
ec

Z(Ks+ Kb)
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Oring = Minimum o, to satisfy Section 13.3.6.1(a).

oq = o in the direction of il’

0y = o in the direction of 12.

Ba = ratio of dead load per unit area to live load per unit area
(in each case without load factors), ‘

Bt = a measure of the ratio of torsional stiffness of edge beam
section to the flexural stiffness of a width of slab equal
to the span length of the beam, center—to-center of supports.
2E I

cs’'s
Ss = factor defined by Eq. (13-4). See Section 13.3.6.1.

13.1 Scope and definitions

13.1.1 - ThéAprovisions of this chapter govern the design of slab
systems reinforced for flexure in more than one direction with or
without beamé between suppofts. Solid slabs and slabs with recesses
or pockets made by permanent or removable fillers between ribs or
joists in two directions are included under this definition. Slabs
with paneled ceilings are also included under this definition pro-
vided the panel of reduced thickness lies entirely within the middle
strips, and is at least two-thirds the thickness of the remainder of
the slab, exclusive of the drop panel, and is not less than 4 in.

thick. The thicknesses shall satisfy requirements of Section 9.5.3.

13.1.2 -~ A column strip is a design strip with a width of 0.25 12
but not greater than 0.25 ll on each side of the column center line.

The strip includes beams, if any.
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13.1.3 ~ A middle strip is a design strip bounded by éwo column

strips.

13.1.4 - A panel is bounded by column or wall center lines 6n all

sides.

13.1.5 - For monolithic or fully composite constructioﬁ, the beam
includes that portion of the slab on each side of the beam extending
a distance equal 'to the projection of the beam above or below the
slab, whichever is greater, but not greater than four times the slab

thickness.,

13.1.6 - The slab may be supported on walls, columns, or beams.
No portion of‘a column capital shall be considered for structural
purposes which lies outside the largest right circular cone or pyramid
with a 90 deg vertex which can be included within the outlines of the

supporting element.

13.2 Design procedures

13.2.1 - A slab system may be designed By any procedure satisfying
the conditions of equilibrium and geometrical compatibility provided
it is shown that the strength furnished is at least that required
considering Sections 9.2 and 9.3, and that all serviceability con-

ditions, including the specified limits on deflections, are met.

13.2.2 -~ A slab system, including the slab and any supporting
beams, columns, and walls, may be designed directly by either of the
procedures described in this chapter: The Difect—Design Method

(Section 13.3) or The Equivalent Frame Method (Section 13.4),




T
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13.2.3 - The slabs and beams shall be proportioned for the design

bending moments prevailing at every section.

13.2.4 - When unbalanced gravity load, wind, earthquake, or other
lateral loads cause transfer of bending moment between slab and
column, the flexural stresses shall be investigated using a fraction

of the moment given by

1
¢, +d
1-
1+ 2/3 /2-2—*_—(1—

A slab width between lines that are one aﬁd one-half slab
or drop panel thickness, 1.5h, on each side of the column or capital
may be considé;ed effective.

Concentration of reinforcement over column head by closer
spacing or additional reinforcement may be used to resist the moment

on this section.

13.2.5 ~ Design for the transmission of load from the slab to the
supporting walls and columns through shear and torsion shall be in

accordance with Chapter 11.

13.3 Direct design method
13.3.1 Limitations

13.3.1.1 There shall be a minimum of three continuous spans

in each direction.
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13.3.1.2 The panels shall be rectangular with the ratio of the

longer to shorter spans within a panel not greater than 2.0.

13.3.1.3 The successive span lengths in each direction shall

not differ by more than one~third of the longer span.

13.3.1.4 Columns may be offset a maximum of 10 peréent of the

span, in direction of the offset, from either axis between center

lines of successive columns. -

13.3.1.5 All loads shall be due to gravity only and uniformly
distributed over an entire panel. The live load shall not exceed

three times the dead load.

13.3.1.67 If a panel is supported by beams on all sides, the

relative stiffness of the beams in the two perpendicular directions

(13-1)

shall not be less than 0.2 nor greater than 5.0.

13.3.1.7 Moment redistribution by Section 8.6 shall not be

applied for slab systems designed by the direct design method. (See

Section 13.3.4.6).

13.3.1.8 Variations from the limitations of this section may
be considered acceptable if demonstrated by analysis that the require-

ments of Section 13.2.1 are satisfied.
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13.3.2 Total static design moment for a span

13.3.2.1 The total static design moment for a span shall be
determined in a strip bounded laterally by the éenter line of the
panel on each side of the center line of the supports. The gbsolute
sum of the positive and average negative bending moments in each

direction shall be not less than

. n (13-2)

Where the transverse span of the panels on either side of the center
line of supports varies, l2 shall be taken as the average of the
transverse spans. When the span adjacent and parallel to an edge is
being considered, the distance from the edge to the panel center line

shall be substituted for 1, in Eq. (13-2).

13.3.2.2 The clear span 1n shall extend from face to face of
columns, capitals, brackets, or walls. The value of ln used in
Eq. (13~2) shall be not less than 0.65 11. Circular supports shall

be treated as square supports having the same area.

13.3.3 Negative and positive design moments

13.3.3.1 The negative design moment shall be located at the
face of rectangular supports. Circular supports shall be treated as

square supports having the same area.

13.3.3.2 1In an interior span, the total static design moment

Mo shall be distributed as follows:
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Negative design moment 0.65

Positive design moment 0.35

13.3.3.3 In an end span, the total static design moment‘Mb

shall be distributed as follows:

Interior negative design moment 0.75 -

0.28

1+ —=
ec

Positive design moment 0.63 -

__0.65

1+ ——

. a
ec

Exterior negative design moment

where aec is computed for the exterior column.

13.3.3.4 The negative moment section shall be designed to
resist the iarger of the two interior negative design moments deter-
mined for the spans framing into a common support unless an analysis
is made to distribute the unbalanced moment in accordance with the

stiffnesses of the adjoining elements.

13.3.4 Design moments and shears in column and middle strips

and beams

13.3.4.1 The column strips shall be proportioned to resist
the following portions in percent of the interior negative design

moment:
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22/21 0.5 1.0 2.0
(allzlll) =0 75 75 75
(alﬂz/zl > 1.0 90 75 45

Linear interpolations shall be made between the values shown.

13.3.4.2 The column strip shall be proportioned to resist the

following portions in'percent of

the exterior negative design moment:

£2/21 0.5 1.0 2.0
. B. = 0 100 100 100

(a1£2/21) e By 2 2.5 75 75 75
‘ B, =0 100 100 100

(allz/ll) =50 Bt > 2.5 90 75 45

Linear interpolations shall be made between the values shown.

Where the exterior support consists of column or wall

extending for a distance equal to or greater than three-quarters of

the 22 used to compute MB, the exterior negative moment shall be

considered to be uniformly distributed across 2

9

13.3.4.3 The columm strip shall be proportioned to resist the

following portions in percent of the positive design moment:
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2,/8 0.5 1.0 2.0
(o 2,/2,) = 0 60 60 60
(0 2,/2, 2 1.0 90 75 45

Linear interpolations shall be made between the values shown.

13.3.4.4 ihe beam shall be proportioned to resist 85 percent
of the columm étrip moment if (alzzlzl) is equal to or greater than
1.0. TFor values of (dllz/ﬂl) between 1.0 and zero, the proportion
of moment to be resisted by the beam shall be obtained by linear
interpolation between 85 and zero percent. Moments caused by loads
applied on thé%beam and not considered in_the slab design shall be
determined directly. The slab in the column strip shall be pro-
portioned to resist that portion of the design moment not resisted

by the beam.

13.3.4.5 That portion of the design moment not resisted by the
column strip shall be proportionately assigned to the corresponding
half middle strips. Each middle strip shall be proportioned to resist
the sum of the moments assigned to its two half middle strips. The
middle strip adjacent to and parallel with an edge supported by a
wall shall be proportioned to resist twice the moment assigned to the

half middle strip corresponding to the first row of interior supports.

13.3.4.6 A design moment may be modified by 10 percent provided
the total static design moment for the panel in the direction con-

sidered is not less than that required by Eq. (13-2).
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13.3.4.7 Beams with (alzz/ll) equal to or greaterlthan 1.0
shall be proportioned to resiét the shear caused by loads in tribu-
tary areas bounded by 45 deg lines drawn from the corners of the
Panels and the center line of the panels parallel to the long sides.
For values of (aizzlll) less than 1.0, the shear on the beamAmay be
obtained by linear interpolation, assuming that for o« = O the beams
carry no load. in addition, all beams shall be proportioned to

resist the sheér caused by directly applied loads.

13.3.4.8 The shear stresses in the slab may be computed on the
assumption that the load is distributed to the supporting beams in
accordance with Section 13.3.4.7. The total shear occurring on the

panel shall be accounted for.

13.3.4.9 The shear stresses: shall satisfy the requirements of

Chapter 11.

13.3.4.10 Edge beams or the edges of the slab shall be pro-
portioned to resist in torsion their share of the exterior negative

design moments.

13.3.5 Moments in columns and walls

13.3.5.1 Columms and walls built integrally with the slab

system shall resist moments arising from loads on the slab system.

13.3.5.2 At an interior support, the supporting elements above
and below the slab shall resist the moment specified by Eq. (13-3) in
direct proportion to their stiffnesses unless a general analysis is

made.

DU S PRy
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2 ; 2
0.08[(w,+0.5w,)2,8° - w'2!(2")“]
1+~

ec

where wé, lé and 2; refer to the shorter span.

13.3.6 Provisions for effects of pattern loadings

13.3.6.1 Where the ratio of dead load to live load, Ba’ is

less than 2.0, one of the following conditions shall be satisfied:

Table 13.3.6.1--Minimum o

min
Aspegt ratio Relative beam stiffness, o
By Aylty o o 0.5° 1.0 2.0 4.0
2.0 0.5-2.0 0 0 0 0 0
1.0 0.5 0.6 0 0 0 0
0.8 0.7 0 0 0 0
1.0 0.7 0.1 0 0 0
1.25 0.8 0.4 0 0 0
2.0 1.2 0.5 0.2 0 0
0.5 0.5 1.3 0.3 o0 0 0
0.8 1.5 0.5 0.2 0 0
1.0 1.6 0.6 0.2 0 0
1.25 1.9 1.0 0.5 0 0
2.0 4.9 1.6 0.8 0.3 0
0.33 0.5 1.8 0.5 0.1 0 0
0.8 2.0 0.9 0.3 0 0
1.0 2.3 0.9 0.4 0 0
1.25 2.8 1.5 0.8 0.2 0
2.0 13.0 2.6 1.2 0.5 0.3

(a) The sum of flexural stiffnesses of the columns above and
below the slab shall be such that ac is not less than the minimum

o . specified in Table 13.3.6.1.
min




=
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(b) If the columns do not satisfy (a), the design positive bending
moments in the panels supportéd by those columns shall be multiplied
by the coefficient Gs determined from Eq. (13-4).

2 - B, o

= ,— c . ——
8y = L+ g1 - =) ~ (13-4)
a min

13.4 Equivalent- frame method

13.4.1 Assumptions--In design by the equivalent frame method the
following assumptions shall be used and all sections of slabs and
supporting members shall be proportioned for the moments and shears

thus obtained.:

13.4.1.1 The structure shall be considered to be made up of
equivalent frames on column lines taken longitudinally and transversely
through the building. Each frame consists of a row of equivalent
columns or supports and slab-beam strips, bounded laterally by the
center line of the panel on each side of the center line of the
colums or supports. Frames adjacent and parallel to an edge shall

be bounded by the edge and the center line of the adjacent panel.

13.4.1.2 Each such frame may be analyzed in its entirety, or,
for vertical loading, each floor thereof and the roof may be analyzed
separately with its columns as they occur above and below, the columns
being assumed fixed at their remote ends. Where slab-beams are thus
analyzed separately, it may be assumed in determining the bending

moment at a given support that the slab-beam is fixed at any support
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two panels distant therefrom provided the slab continues beyond that

point.

13.4.1.3 The moment of inertia of the slab-beam or coluﬁn at
any cross section outside of the joint or column capital may be based
on the cross-sectional area of the concrete. Variatioﬁ in the moments
of inertia of thebslab-beams and columns along their axes shall be

taken into account.

13.4.1.4 The moment of inertia of the slab-beam from the center
of the column to the face of the column, bracket, or capital shall be
assumed equal to the moment of inertia of the slab-beam at the face
of the column,“bracket, or capital divided by the quantity (l—c2/2,2)2
where cy and 22 are measured transverse to the direction moments are

being determined.

13.4.1.5 The equivalent column shall be assumed to consist of
the actual coiumns above and below the slab-beam plus an attached
torsional member transverse to the direction in which moments are
being determined and extending to the bounding lateral panel center
lines on each side of the column. The flexibility (inverse of the
stiffness) of the equivalent column shall be taken as the sum of the
flexibilities of the columns above and below the slab-beam and the

flexibility of the torsional member.

1 _ 1,1
" tE (13-5)
ec Cc t

In computing the stiffness of the column Kc’ the moment of

[ Y
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inertia shall be assumed infinite from the top to the b;ttom of the
slab-beam at the joint.

The attached torsional members shall be assumed to have a
constant cross section throughout their length consisting of the
larger of:

(a) A portion of the slab having a width equal to that of the
colum, bracket, or capital in the direction in which moﬁents are being
considered.

(b) For monolithic or fully composite construction, the portion of
the slab specified in (a) plus that part of the transverse beam above
and below the slab. |

(c) The tfgnsverse beam as defined in Section 13.1.5.

The stiffness Kt of the torsional member shall be calculated

by the following expression:

9ECSC -
K. =12 > 3 (13-6)
2,(1 - =)

where ¢, and 22 relate to the transverse spans on each side of the
column. The constant C in Eq. (13-6) may be evaluated for the cross
section by dividing it into separate rectangular parts and carrying

out the following summation:

3
C=2(l - 0.63 ;‘-) 3‘-§X (13-7)

Where beams frame into the column in the direction moments are being

determined, the value of Kt as computed by Eq. (13-6) shall be multiplied

- Sy




2 eai

- gasta

- 278 ~

by the ratio of the moment of inertia of the slab with such beam to

the moment of inertia of the slab without such beam.

13.4.1.6 Where metal column capitals are used, account may be
taken of their contributions to stiffness and resistance to bending

and to shear.

13.4.1.7 The change in length of columns and slabs due to

direct stress, and deflections due to shear, may be neglected.

13.4.1.8 When the loading pattern is known, the structure shall
be analyzed for that load. When the live load is variable but does
not exceed three-quarters of the dead load, or the nature of the live
load is such .that all panels will be loaded simultaneously, the maxi-
mum moments may be assumed to occur at all sections when full design
live load is on the entire slab system. For other conditions, maximum
positive moment near midspan of a panel may be assumed to occur when
three-quarters of the full design live load is on the panel and on
alternate panels; and maximum negative moment in the slab at a
support may be assumed to occur when three-quarters of the Full design
live load is on the adjacent panels only. In no case shall the design
moments be taken as less than those occurring with full design live

load on all panels.

13.4.2 Negative design moment--At interior supports, the critical
section for negative moment, in both the column and middle strips,
shall be taken at the face of rectilinear supports, but in no case at

a distance greater than 0.17552.l from the center of the column. At
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exterior supports provided with brackets or capitals, thé critical
section for negative moment in‘the direction perpendicular to the
edge shall be taken at a distance from the face. of the supporting
element not greater than one-half the projection of the bracket or
capital beyond the face of the supporting element. Circularhor
regular polygon shaped supports shall be treated as square supports

having the same area.

13.4.3 Distribution of panel moments--Bending at critical sectioms
across the slab-beam strip of each frame may be distributed to the
column strips, middle strips, and beams as specified in Section 13.3.4

if the requirement of Section 13.3.1.6 is satisfied.

13.4.4 Column moments--Moments determined for the equivalent
columns in the frame analysis shall be used in the design of the

columns.

13.4.5 Sum of positive and average negative moments—-Slabs within
the limitations of Section 13.3, when designed by the equivalent frame
method, may have the resulting analytical moments reduced in such pro-
portion that the numerical sum of the positive and average negative
bending moments used in design need not exceed the wvalue obtained

from Eq. (13-2).

13.5 Slab reinforcement

13.5.1 The spacing of the bars at critical sections shall not
exceed two times the slab thickness, except for those portions of the

slab area which may be of cellular or ribbed construction. In the.
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* Bent bars at exterior supports

may be used if a general
analysis is made
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Fig. 13.5.6—Minimum bend point locations and exten-
sions for reinforcement in slabs without beams [see Sec-
tion 12.2.1 for reinforcement extension into supports)
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slab over the cellular spaces, reinforcement shall be provided as

required by Section 7.13.

13.5.2 In exterior spans, all positive reinforcement pefpendicular
to the discontinuous edge shall extend to the edge of the slab and
have embedment, straight or hooked, of at least 6 in. in spandrel beams,
walls, or columns. All negative reinforcement perpendicular to the
discontinuous ‘edge shall be bent, hooked, or otherwise anchored, in
spandrel beams, walls, or columns, to be developed at the face of the
support according to the provisions of Chapter 12. Where the slab is
not supported by a spandrel beam or wall, or Whefe the slab cantilevers

beyond the support, anchorage of reinforcement may be within the slab.

13.5.3 The area of reinforcement shall be determined from the
bending moments at the critical sections but shall not be less than

required by Section 7.13.

13.5.4 1In slabs supported on beams having a value of « greater than
1.0, special reinforcement shall be provided at exterior corners in
both the bottom and top of the slab. This reinforcement shall be pro-
vided for a distance in each direction from the corner equal to one-
fifth the longer span.

The reinforcement in both the top and bottom of the slab shall
be sufficient to resist a moment equal to the maximum posiﬁive moment
per foot of width in the slab. The direction of the moment is parallel
to the diagonal from the corner in the top of the slab and perpendicular
to the diagonal in the bottom of the slab. In either the top or bottom

of the slab, the reinforcement may be placed in a single band in the
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direction of the moment or in two bands parallel to the sides of the

slab.

13.5.5 Where a drop panel is used to reduce the amount éf negative
reinforcement over the column of a flat slab, such drop shall extend
in each direction, from the center line of support, a distance equal
to at least oné—sixth the span length measured from center to center
of supports in that direction, and the projection below the slab should
be at least one-quarter the thickness of the slab beyond the drop.
For determining reinforcement, the thickness of the drop panel below
the slab shall not be assumed to be more than one}fourth the distance

from the edge of the drop panel to the edge of the column capital.

13.5.6 Iﬁ addition to the other requirements of this section, re-
inforcement shall have the minimum lengths given in Fig. 13.5.6. Where
adjacent spans are unequal, the extension of negative reinforcement
beyond the face of the support as prescribed in Fig. 13.5.6 shall be’
based on the requirements of the longer span.

Bent bars may be used only when the depth-span ratio permits
use of bends 45 deg or less. For slabs in frames not braced against
sidesway and for slabs resisting lateral loads, slab reinforcement
longer than shown in Fig. 13.5.6 shall be provided when required by

analysis.

13.6 Openings in the slab system

13.6.1 Openings of any size may be provided in the slab system if

it is shown by analysis that the strength furnished is at least that
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required with consideration of Sections 9.2 and 9.3, and that all
serviceability conditions, including the specified limits on deflections,

are met.

13.6.2 Openings conforming to the following requirements may be
provided in slab systems not having beams without specfal analysis as
required in Section 13.6.1.

(a) Openings of any size may be placed in the area within the
middle half of the span in each direction, provided the total amount
of reinforcement required for the panel without the opening is maintained.

(b) In the area common to two column strips, #ot more than one-
eighth of the width of strip in either span shall be interrupted by the
openings. .f;e equivalent of reinforcement interrupted shall be added
on all sides of the openings.

(c) In the area common to one column strip and one middle strip,
not more than one-quarter of the reinforcement in either strip shall .be
interrupted by the opening. The equivalent of reinforcement interrupted
shall be added on all sides of the openings.

(d) The shear requirements of Chapter 11 shall be satisfied.

e AT

)
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CHAPTER 13. OF COMMENTARY ON BUTLDING CODE
. "REQUIREMENTS -FOR REINFORCED:CONCRETE (ACT 318—71)
, _ . |
SLAB SYSTEMS WITH MULTIPLE SQUARE OR
“* ' RECTANGULAR PANELS '

In ACT 318-63 and earlier ACI Codes, the design of re-
inforced concrete .slab systems has been handled in different cate-
gories because'Sf the history of development of various types of
slabs.l3'1 Chapter 13 of ACI 318-71 represents a major change from
this practice in that all slab systems reinforced for structural
stresses in more than one direction, with or withoiuit beams between
supports, are-designed on the basis of the same fundamental principles.
The design methods given in this chapteE are based on analysis of the
results of an eernsive series of test813'2—13'9 and the well esta-
blished performance record of various slab systems.

Much of Chapter 13 is concerned with the selection and dis-
tribution of flexural reinforcement. It is, therefore, advisable be-
fore discussing the various rules for design, to caution the designer
that the vital problem related to safety of the slab system is the
transmission of load from the slab to the colummns by flexure, torsion,

and shear. Design criteria for shear and torsion in slabs are given

in Sections 11.10 through 11.13,

13.1 Scope and definitions

13.1.1 The fundamental design principles contained in Chapter 13

are applicable to all planar structural systems subjected to transverse

o e
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loads. However, some of the specific design rules, as Qell as histori-
cal precedents, limit the tyﬁes of structures to which Chapter 13 is
applicable. General characteristics of slab systems which méy be
designed according to Chapter 13 are described in this section. These
include "flat slabs," "flat plates," "two-way slabs," and "waffle
slabs." True "one-way slabs," slabs reinforced to resist flexural
stresses in only one direction, are excluded.

Alsé excluded are soil supported slabs, such as "slabs on
grade' which do not transmit vertical loads from other parts of the

structure to the soil.

13.1.4 A panel, by definition, includes all flexural elements be-
tween columh éenter lines. Thus, the column strip includes the beam,

if any.

13.1.5 For monolithic or fully composite construction, the beams
include portions of the slab as flanges. Two examples of the rule in’

this section are provided in Fig. 13-1.
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Fig. 13-1—Examples of the portion of slab to be in-
cluded with the beam under Section 13.1.5
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13.2 Design procedures

13.2.1 This section permits a designer to base a design directly
on fundamental principles of structural mechénics3 provided he can
demonstrate explicitly that all safety and serviceability criteria are
satisfied. The design of the slab may be achieved thrbugh the combined
use of classi§ solutions based on a linearly elastic continuum, numeri-
cal solutions”based on discrete elements, or yield-line analyses, in-
cluding, in all cases, evaluation of the stress conditions around the

supports in relation to shear and torsion as well as flexure. The

‘designer must consider that the design of a slab system involves more

than its analysis, and justify any deviations in physical dimensions

- of the slab from common practice on the basis of his knowledge of the

expected loads ‘and the reliability of the calculated stresses and

deformations of the structure.

13.2.2 Two design methods are specified in detail in Chapter 13.
The Direct Design Method is similar to the empirical method of the
previous Codes, but now applies to slabé with beams as well as to flat
slabs and flat plates. Some modifications have been made to the
limitations for use of the direct design method (see Section 13.3.1).
The Equivalent Frame Method is comparable to the elastic analysis of

the previous Codes and also is applicable to slabs with and without

beams.

13.2.4 This section is concerned primarily with slab systems with-

out beams. Tests and experience have shown that, unless special

o e e b g e
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measures are taken to resist the torsional and shear stresses, all
reinforcement resisting thaé part of theimoment to be transferred to
the column by flexure should be placed between lines that afe one and
one-half the slab or drop panel thickness, 1.5h, on each ;ide of the
column. The calculated shear stresses in the slab around the column
must conform ;o the requirements of Sections 11.10, 11.11, 11.12, and

11.13.
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13.3 Direct design method

The direct desigﬁ method consists of a set of rules for
the proportioning of slab and beam sections to resist”flexﬁral stresses,
The rules have been developed to satisfy the safety requi;ements and
most of the serviceability requirementsbsimultaneously} Methodolo-
gically, the direct design method compares with the "empirical method"
for the flat slabs included in preceding editions of the ACI Code.
However, thé range of applicability of the method has been much

extended in relation to the "empirical method."

The direct design method involves three fundamental steps,
as follows:n
bl; Determination of the total design moment (Section 13.3.2)
2., Distribution of the total design moment to design sections
for negafive and positivé moment (Section 13.3.3)
3. Distribution of the negative and positive design moments

to the column and middle strips and to the beams, if any (Section 13.3.4)

13.3.1 Limitations - The direct design method was developed from
considerations of theoretical procedures for the determination of
moments in slabs with and without beams, requirements for simple design
and construction procedures, and precedents supplied by performance of
slab systems. Consequently, the slab system to be designed using the

direct design method must conform to the limitations in this section.

13.3.1.1 The primary reason for the limitation in this section

is the magnitude of the negative moments at the interior support in a

L
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structure with only two continuous spans. The rules given for the
direct design method assume tacitly that the slab system at the first
interior negative moment section is neither fixed against rotation nor

discontinuous. '

13.3.1.2 If the ratio of the two spans (long span/short span)
of a panel exceeds two, the slab resists the moment in the shorter span
essentially as a one-way slab. The limiting ratio has been increased
from the 1.33 limit stipulated for the "empirical method" of the 1963

Code.

13.3.1.3 The limitation in this section is related to the
possibility;.of developing negative moments at or near midspan. The
limiting variation in span lengths has been increased from that for

the l963_"empifica1 method."

13.3.1.4 TIn keeping with previous practice, the designer is
permitted to offset the columns within specified limits from a regular

rectangular array.

13.3.1.5 This section relates to the effect of pattern loads.
No limitation of ratio of live load to dead load was placed on the use
of the "empirical method" in 1963, but as stated above, the limitations

on span ratios and length to width ratios have been relaxed.

The Direct Design Method is based on tests for uniform
gravity loads and resulting support (columns) reactions determined by
statics. Lateral loads (wind, seismic, etc.) require a frame analysis.

Inverted foundation mats designed as two-way slabs (Section 15.10)
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involve application of known column loads. Therefore, even where the

s0il reaction is assumed to be uniform, a frame analysis is required.

13.3.1.6 The elastic distribution of moments will deviate
significantly from those assumed in the direct design method unless

the given requirements for stiffness are satisfied.

13.3.1.7 Moment redistribution by Section 8.6 is not intended
where approximate values for bending moments are used. TFor the direct

design method, only a 10 percent modification is allowed by Section

13.3.4.6.

13.3.1.8 The designer is permitted to use‘the direct design
method eved%if the structure does not fit the limitations in this
section, provided that he can show by analysis that the particular
limitation does not apply to that structure. For example, in the
case of a slab system carrying a nonmovable load (such as a water
reservoir in which the load on all panels is expected to be the same),

the designer does not have to satisfy Section 13.3.1.5.

13.3.2 Total static design moment for a span

13.3.2.1 Eq. (13.2) follows directly from Nichol's derivationt3*L0

with.thedsimplifying assumption that the reactions are concentrated
along the faces of the support perpendicular to the span considered.
In general, the designer will find it expedient to calculate static
moments for two adjacent half panels, which include a column strip

with a half middle strip along each side as shown in Fig. 13-2.
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1/2 Colunn strip, Ponel" A 172 Column strip, Pone! 8
t/2 Middie strip, Panel A—\ \ /—I/2 Middle strip, Panel 8
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M, Colculated for hotched area

Fig. 13-2—Suggested area to be considered in calcu-
lating static moments under Section 13.3.2.1 .

13.3.2.2. 1If the calculated value of %, is less than 0.6521,
the span should be considered as being 0.6521. If a supporting member
does not have a rectangular cross section, it is to be treated as a

Square support having the same area, as illustrated in Fig. 13-3.

IS

Fig. 13-3—Examples of equivalent square section for
i nonrectangular supporting members

13.3%35.Negative and positive design moments - The rules for assigning

i the total design moment to the negative and positive design moments are

summarized in Fig. 13-4. The proportions are based on three-dimensional
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analytical studies of elastic distribution of moments in various slab
configurations tempered by the distributions of moments that have

been in use.

NEGATIVE AND POSITIVE DESIGN MOMENTS

| rul LT e L

0.65 M, 0.65 My~

br_L_ i\ l |
b A\»{wm“@
035 M,

[0'63_ o.28I JMO [0.75_ 0.10 }Mo

| +— ](.._I_
Qec Qe

Fig. 13-4—Summary of rules for dividing the total static
moment or the total design moment into negative and
positive design moments

13.3.3.3 The term %o in the equations of this section is the
flexural stiffness of an equivalent exterior column Kec relative to
the flexural stiffness of the slab and the beams, if any. The cal-
culation of Kec is described in Section 13.4.1.5, and rules are given
for the calculation of Kc and Ks in Sections 13.4.1.3 and 13.4.1.4,
all in connection with the equivalent frame method. Since the use of
the direct design method is limited by the requirements of Section
13.3.1, it is permissible to make certain simplifications in the cal-

culations of aec for use in Section 13.3.3.3, as follows:

1. The stiffness of the slab-beam KS may be calculated using

a uniform cross section between column center lines, disregarding the

B ko3 mp ey a |
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requirement of Section 13.4.1.4, and the increase in column stiffness

Kc provided By the capital ﬁay be neglected, disregarding the require-
ment of Section 13.4.1.3. Since both of these simplificatibns lead to
less stiff elements, one should not be made without the other in order

to minimize the change in relative stiffness.

2. The requirement in the last sentence of Section 13.4.1.5 may

be waived in calculations of e for use with the direct design method.

3. If a corner column is the same size as an adjacent exterior
column, it will be acceptable to use for the corner column the value
of % computed for the adjacent exterior column. This approximation
will usuallx lead to somewhat smaller exterior negative design moments
and somewhat larger positive and interior negative design moments than
the more :igoroﬁs analysis required for the equivalent frame method.

The detailing of the reinforcement transferring the moment
from the slab to the exterior column is critical to both the perfor-
mance and the safety of flat slabs without edge beams or equivalent
cantilever slabs. This reinforcement mﬁst be placed in accordance
with Section 13.2.4.

13.3.3.4 The differences in slab moment on either side of a
column or other type of support must be accounted for in the design
of the support. If an analysis is made to distribute unbalanced

moments, flexural stiffness may be obtained on the basis of the gross

plain concrete section of the members involved.

- ETETCRIALERS
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13.3.4 Design moments and shea?s on column and miédle strips and
beams - The rules given in éhis section for assigning moments to the
middle strip, column strip, and beams, if any, are based on studies
of moments in linearly elastic slabs with different beam stiffnesseslS'll
tempered by the moment coefficients that have been used successfully in
the past.

Where walls are used as supports along column lines, they
can be regar&ed as very stiff beams with an a122/21, value greater
than one. Where the exterior support consists of a wall perpendicular
to the direction in which moments are being determined, Bt may be taken
as zero if the wall is of masonry without torsioﬁal resistance, and Bt
may be takeg as 2.5 for a concrete wall with great torsional resistance
which is monolithic with the slab.

" For the purpose of establishing moments in the half column
strip adjacent to an edge supported by a wall, 2n in Eq. (13-2) may
be assumed equal to zn of the parallel adjacent column to column span,
and the wall may be considered as a beam having a moment of inertia,

Ib, equal to infinity.

13.3.4.2 The effect of the torsional stiffness parémeter Bt is
to assign all of the exterior negative design moment to the column
strip, and none to the middle strip, unless the beam torsional stiff-
ness is high zrelative to the flexural stiffness of the supported slab.

In the definition of Bt, the shear modulus has been taken as Ecb/2.

13.3.4.7 and 13.3.4.8 The tributary area for the shear on an

interior beam is shown shaded in Fig. 13-5. If the stiffness for the

< s
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Fig. 13-5—Tributary area for shear on an interior beam

beam allz/zi is less than one, the shear on the beam may be obtained
by linear interpolation. For such casés, the beams framing into the
colum will nof account for all the shear force applied on the column.
The remaining shear force will produce shear stresses in the slab
around the column which must be checked in the same manner as for fiat
slabs, as required by Section 13.3.4.8. Section 13.3.4.7 does not
apply to the calculation of torsional moments on the beams. These
moments must be based on the calculated flexural moments acting on
the sides of the beam.

13.3.4.10 Design moments perpendicular to, and at the edge of,
the slab structure must be transmitted to the supporting columns or
walls. Torsional stresses caused by the moment assigned to the slab

should be investigated.
13.3.5 Moments in columns and walls

13.3.5.2 Eq. (13-3) refers to two adjoining spans, with one
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span longer than the other, the full load applied on the longer span
and only the dead load appiied on the shorter span. The term e
refers to the flexural stiffness of the columns between the two spans.

In the calculation of ST it is permissible to pake the
simplifications given as Items (1) and (2) in the commentary on
Section 13.3.3.3. In addition, when applying Eq. (13-3) to determine
the moment in. an exterior column in a direction parallel to the edge
of the panei, it is conservative, and therefore permissible, to use
in Eq. (13-3) the value of %0 computed for the adjacent interior

column, provided the columns are of the same size.

13.3.6 Provisions for effects of pattern loading -~ The requirements
in this sécﬁion limit the possible increases in moment as a result of
pattern loadings at the service load level and are based on analytical
and expefimental studiesvsummarized in Reference 13.12. Values of the
column flexural stiffness & in? required to limit the increase in
bending moment caused by pattern loads in less than 33 percent, are
listed in Table 13.3.6.1 of the Code as a ratio of the flexural stiff-
ness of the slab system. If the columns of a particular structure do
not satisfy the required values of % in? the positive moment in the
slab must be increased in accordance with Eq. (13-4).

When applying Eq. (13-4) to moments in the half column strip
parallel to an exterior panel edge, it is conservative, and therefore
permissible, to use in Eq. (13-4) the value of o, computed for the

adjacent interior column, provided the columns are of the same size.
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13.4 Equivalent frame method

The equivalent frame method involves the representation of
the three-dimensional slab system by a series of two—dimensional
frames which are then analyzed for loads, either vertical.or horizon-
tal, acting in the plane of the frames. The moments so determined at
the critical design sections of the frame are distributed to the slab
sections in accordance with Section 13.3.3.

The equivalent frame method is comparable to the "elastic
analysis' for flat slabs of previous ACI Codes. On the basis of
studies reported in References 13.13, 13.14, and.13.15, the equivalent
frame method has been devised to provide a better representation in
two dimenéiéns of a three-dimensional system through the stratagem of
defining flexural stiffnesses which reflect the torsional rotations

possible in the three—dimensional system.

13.4.1.1 The application of the requirements of this section to
a regular structure is illustrated in Fig. 13-6. The shaded areas
represent the extent of one interior and one exterior frame in a given

direction. See also Reference 13.15.

13.4.1.2-13.4.1.7 These sections permit simplifications which
may be used in analyzing the frame. The use of a high-speed computer
may make it easy to use a comprehensive analysis without resorting to

these simplifications.

13.4.1.4 This section stipulates a finite moment of inertia for

the slab-beam from the face of the column or capital to the center

P SSNR
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Fig. 13-6—Area to be considered as equivalent
frame under Section 13.4

line of the:support to account for the flexibility of the slab on the
"sides" of the column in that portion.of the span. Fixed-end moments
for uniform loéd, stiffness factors, and carryover factors for slabs
without beams and having a varying moment of inertia in accordance
with Section 13.4.1.4 are listed in Tables 13-1 and 13-2 (Reference

13.16).

13.4.1.5 This section modifies the column flexural stiffness
to account for the torsional flexibility of the slab. The intent of
this section is illustrated by the simplified physical model in
Fig. 13-7 which represents a column AB, extending above and below the
slab, with a portioﬁ of the slab CD attached thereto. A moment M
applied along CD will cause a torsional rotation of the "cross beam'
CD as well as a flexural rotation of the column. Thus, the rotational

restraint on the slab-beam which spans in a direction perpendicular
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13-1—MOMENT DISTRIBUTION CONSTANTS*

Column Uniform load 3 Stiffness Carryover
dimension FEM = Coef. (wl:l{-‘): factort factor
c1a o ;

It I Mae Mpa i Rap Iepa COFan COFna
0.00 0.083 0.083 | 4.00 4.00 0.500 0.500
0.05 0.083 0.084 | 4.01 4.04 0.504 0.500
0.10 0.082 0.036  4.03 4.15 0.513 0.499
0.00 0.15 0.081 0.089 | 4,07 4.32 0.528 0.498
0.20 0.079 0.093 412 4.56 0.548 0.495
0.25 0.077 0.097 : 418 4.88 0.573 0.491
0.30 0.075 0.102 . 425 5.28 0.603 0.485
0.35 0.073 0.107 : 433 5.78 0.638 0.478
0.05 0.084 0084 | 405 4.05 0.503 0.503
, 0.10 0.083 0.086 @ 4,07 4.15 0.513 0.503
I 0.15 0.081 0.089 4.11 4,33 0.528 0.501
0.05 ; 0.20 0.080. 0.092 4,16 4,58 0.548 0.499
+0.25 0.078 0.096 4.22 4.89 0.573 0.494
0.30 0.076 0.101 4.29 5.30 0.603 0.439
0.35 0.074 0.107 | 437 5.80 0.638 0.481
0.10 0.085 0.085 ' 4.18 4,18 0.513 0.513
0.15 0.083 0.033 4.22 4.36 0.528 0.511
0.10 0.20 0.082 0.091 4.27 4.61 0.548 0.508
i 0.25 0.080 0.095 4.34 4.93 0.573 0.504
0.30 0.078 0.100 4.41 5.34 0.602 0.498
0.35 0.075 0.105 . 4.50 5.85 0.637 0.491
0.15 0.086 0.086 | 4.40 4,40 0.526 0.526
0.20 0.084 0.090 4.46 4.65 0.546 0.523
0.15 0.25 0.083 0.094 4.53 4.98 0.571 0.519
0.30 0.080 0.099 = 4.61 5.40 0.601 0.513
0.33 0.078 0.104 , 4.70 5.92 0.635 0.505
. 0.20 0.088 0.088 ' 472 4.72 0.543 0.543
0.20 0.25 0.086 0.092 4.79 5.05 0.568 0.539
0.30 0.083 0.097 : 4.88 5.48 0.597 0.532
0,35 0.081 0.102 @ 4.99 6.01 0.632 0.524
0.25 0.090 0.090 | 5.14 5.14 0.563 0.563
0.25 0.30 - 0.088 0.085 ° 5.24 5.58 0.592 0.556
0.35 0.085 0.100 . 536 6.12 0.626 0.548
0.30 0.30 0.092 0.092  5.69 5.69 0.585 0.585
0.35 0.090 0.097 : 583 6.26 0.619 0.576
0.35 0.35 0.095 0.093 ] 6.42 6.42 0.609 0.609
*Applicable when c/li = co/l:. For other relationships between these ratios, the con-.

stants will be slightly in error.

tStiffness is, K,z = k4 ,E

Ll
12h

»and Kpy = kpyE
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TABLE 13-2—MOMENT DISTRIBUTION | CONSTANTS*

i
e £ /6 e 22,/3 -~-.--_»1|<—1,/6 -
Column Uniform load Stiffness Carryover
dimension FEM = Coef. (wlali2) factort factor
c1a cin
I L Mag Mpa kan kpa | COFan COFs4
0.00 0.088 0.088 4,78 4,78 . 0.541 0.541
0.05 0.087 0.089 4.80 4.82 0.545 0.541
0.10 0.087 0.090 4.83 4.94 0.553 0.541
0.00 - 0.15 0.085 0.093 4.87 5.12 0.567 0.540
- 0.20 0.084 0.096 4,93 5.36 0.585 0.537 H
0.25 0.082 0.100 5.00 5.68 0.606 0.534 ;
0.30 0.080 0.105 5.09 6.07 0.631 0.529
-0.05 0.088 0.088 4.84 4,84 0.545 0.545 i
0.10 0.087 0.090 4.87 4.95 0.553 0.544
: 0.15 0.085 0.093 4,91 5.13 0.567 0.543
0.05 0.20 0.084 0.096 4.97 5.38 0.584 0.541
0.25 0.082 0.100 5.05 5.70 0.606 0.537
0.30 0.080 0.104 5.13 6.09 0.632 0.532
0.10 0.089 0.089 4.98 4.98 0.553 0.553
0.15 0.088 0.092 5.03 5.16 0.566 0.551
0.10 0.20 0.086 0.094 5.09 5.42 0.584 0.549 §
0.25 0.084 0.099 5.17 5.74 0.606 0.546
0.30 0.082 0.103 5.26 6.13 0.631 0.541
0.15 0.080 0.090 5.22 5.22 0.565 0.565
0.20 0.089 0.084 5.28 5.47 0.583 0.563
0.15 0.25 0.087 0.097 5.37 5.80 0.604 0.559
0.30 0.085 0.102 5.46 6.21 0.630 0.554
0.20 0.092 0.092 5.55 5.55 0.580 0.580
0.20 0.25 0.080 0.096 5.64 5.88 0.602 0.577
0.30 0.088 0.100 5.74 6.30 0.627 0.571
0.25 0.094 0.094 5.98 5.98 0.598 0.598
0.23 0.30 0.091 0.098 6.10 6.41 0.622 0.593
0.30 0.30 0.095 0.095 6.54 6.54 0.617 - 0.617
*Applicable when ¢/l = co/l.. For ot}—xer relationships between these ratios, the con-

stants will be slightly in error.

s . Lain? . I=h.3
1Stiffness is K p = kpE 12‘1" ,and Kpa = kpsE le: ;
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Fig. 13.7—Simplified physical model illusf‘raﬁng the in-
tent of Section 13.4.1.5

to AB and CD, depends on both the tor;ional rotation of CD and the
flexural rotation of AB.

The overall flexibility, l/Kec’ of the composite element
shown in Fig. 13-7 is assumed to be the sum of the flexibility of the
colums, l/ZKc, and the torsional flexibility of the "beam", l/Kt’
as given in Eq. (13-5) in the Code.

The stiffness Kc is based on the length of the column from
middepth of slab above to middepth of slab below and its moment of
inertia, which is computed on the basis of its cross section, taking
into account the increase in stiffness provided by the capital, if
any. The column is assumed to be infinitely stiff over the depth of

the slab.
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The increase in column stiffness provided by the capital

may be disregarded when using the direct design method.

Where the exterior edge of a slab éystem is supported on a
concrete wall monolithic with the slab, the flexibility of the wall
should replace the column flexibility 1/Kc in Eq. (13—5) and the
torsional flexibility l/Kt of the wall may be assumed to be zero in
the same equation. Where the exterior edge of a slab system is

supported on an unreinforced masonry wall, Kec may be taken as zero.

The computation of the torsional stiffness Kt requires
several simplifying assumptions. If no beam frames into the column,
a portion Qf the slab equal to the width of the column or capital is
assumed as the effective beam. If a béam frames into the column, T-
beam or L—beamAaction is assumed, with the flanges extending on each
side of the beam a distance equal to the projection of the beam above
or below the slab but not greater than four times the thickness of
the slab. Furthermore, it is assumed that no torsional rotation occurs

in the beam over the width of the support.

Studies of three~dimensional analyses of various slab con-—
figurations suggest that a reasonable value of the‘torsional stiffness
can be obtained by assuming a moment distribution along the beam CD in
Fig, 13-7 which varies linearly from a maximum at the centér of the
column to zero at the middle of the panel. The assumed distribution
of unit twisting moment along the column center line, the twisting
moment diagram, and the resulting unit rotation diagram are shown in

Fig. 13-8.

- TR SR
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[ e -
L thyr210-ep25) ey (82 1= p/fp) -

! .
1l

(a) Beom ~column combinotion

(c) Twisting

Where G=modulus of elasticity or rigidity in shear

(d) Unit rotation diagram

Fig. 13-8—Assumed distribution of unjt twisting moment
along column center line, twisting moment diagram, and
unit rotation diagram

Eq. (13-6) is an approximate expression for the stiffness
of the torsional member, based on the results of three-dimensional
analyses bf various slab configurations. The development of this
expression and the assumptions on which it is based, as well as the

justification for its use, are discussed in References 13.13, 13.14,

and 13.15.

The term C is a property of the cross section having the

same relationship to the torsional rigidity of a noncircular cross
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section as does the polar moment of inertia for a circular cross

section. The term

3
- X Xy
(1 - 0.63 y) 3

in Eq. (13-7) is a conservatively low approximation t0~thé value of C
for a rectangular section, assuming elastic behavior (see for example
Reference 13.i6). Since the value of C obtained by summing the values
for each of‘the component rectangles making up a section will always
be less than the theoretically correct value, it is appropriate to
subdivide the cross section in such a way as to result in the highest

possible value of C.

I% a panel contains a beam parallel to the direction in which
moments are being determined, the value of Kt obtained from Eq. (13-6)
may lead to equivalent column stiffnesses which are too low. In such
cases, the value of K, given by Eq. (13-6) should be increésed as

follows:

where Kta is the increased torsional stiffness due to presence of
parallel Beam, IS is the moment of inertia of a width of slab equal

to the full width between center lines of panels, not considering the
parallel beam, and I%b is the moment of inertia of the width of slab
used for the calculation of Is’ but including the contribution of that
portion of the beam stem extending above or below the slab; the beam

as defined in Section 13.1.5 does not apply in this calculation.
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13.4.1.8 The use of only three-quarters of the full design live
load for maximum-moment loa&ing patterns is based on the fact that
maximum negative and maximum positive live load moments cannot occur
simultaneously and that redistribution of maximum moments is thus
possible before failure occurs. This procedure, in effect,. permits
some local ovgfstress under the full design live load if it is dis-
tributed in the prescribed manner, but still insures that the ultimate
capacity of the slab system after redistribution of moment is not less
than that required to carry the full design dead and live loads on

all panels.

13.4,2 Ihis section corrects the negative design moments to the face
of the supports. The correction is moaified at an exterior support in
order not to résult in updue reductions in the exterior negative
moment. Fig. 13-3 illustrates several equivalent rectangular supports
for use in establishing faces of supports for design with nonrec—

tangular supports.

13.4.5 This section is a holdover from many previous Codes and is
based on the principle that if two different methods are prescribed
to obtainia particular answer, the Code should not require a value
greater than the least acceptable value. Due to the long satisfactory
experience with designs having total static design moments not ex-—
ceeding those given by Eq. (13-2), it is considered that these values

are satisfactory for design.
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13.5 Slab reinforcement

The requirement that the center to center spacing of
reinforcement be not more than two times the slab thickness applies
only to the reinforcement in solid slabs, and not to that in joists
or waffle slabs. This limitation is intended to insure slab action
and reduce cracking and to provide for the possibility of loads con-

centrated on small areas of the slab.

13.5.2 Bending moments in slabs at spandrel beams can be subject
to great variation. If the beam should be built solidly into a
masonry wall, the slab could be fixed. If no wall, the slab could
be 1argely'éimply supported. This regulation provides for unknown

conditions that might normally occur in a structure.

13.5.6‘ Where two-way élabs act as primary members of a laterally
unbraced frame resisting lateral loads, the resulting moments due to.
the combined lateral and gravity loadings preclude use of the arbi- .
trary minimum and maximum bends and minimum extensions of bars in
Fig. 13.5.6. The bent bar system is applicable for middle strips

where (4 - d' + db) < 0.06 Rn and for column strips where

(d—d'+db)

X

0.04 L which permits a bend angle of 45 deg or less.

- A

G mmAass o Do 2oy
13.6 Openings in the slab system

-

See Commentary for Section 11.12 and Fig. 11-8.

]
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