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B
I. INTRODUCTION

Design practice at the present day trends toward more
and more complex forms of the reinforced concrete frame,

The essentislly monolithie character of a reinforced concrete
struoture produces a continuous frame bf oolumn, bheam, and
slab, The result of continuity, e reduction of critical
mements and shears, and the inherent wind bracing, are ime
portant eontributions to increased building economy, In the
eontinuous reinforced soncrete structure, economy may be ene
hanced by recognizing the scontinulty between slabs and columns
and utillz&ng the consequent fadnction of oritical beam and
8lab moments.,

At the present, the design standards which epply to the
slab and column type of atructure are inexact beceuse of
1imited knowledge of the behaviour of the slabeand-column
continuous frame, Thiz limited knowledge has heretofore heen
obtained by tedious measurements of the actual deformitlions
of such frameu; and the stresses and stralins deduced by une
wieldly ecomputations, The arrival of the electric resistance
strain gsuge helps to make known the stresses and strains
of statically indeterminate frames rapidly, reliably, and with
& more complete understanding.

It 18 the purpose of this study to show the stress dise

tribution in a slab supported by four columns fixed rigidly
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to the sleb and to show the reletion of stresses in the slab
to those in the column, It 18 hoped that the work and rew
sults of this investigation will furnish enough evidence to
heip provide propossals of analysise beyond those already
available, |

The study presented here comprises the loéding And testew
ing of a scale model building frame of slsb and columns, For
'simplioity, a basle fourcolumn square bay with ; 8lab overw
hanging one~half bay on all sldes, was chosen for ﬁhe investlie
gation, Structural steel was selected for the material be-
‘ciulo of avallablility and simplicity of construction, The
b#huviour of a simlilar reinforced concrete medel may be ap=
proximated ﬁy making suitdble allowance for the differences
in properties of the two materials, Stresses in the slabs
and columns were obtalned through strain gauges for various
load positions on the slab, Results were obtained from com=
pilation of this dsta and some conclusions are drawn,

The suthor is indebted to the following: John F, Poultoen,
Assoclate Professor of 3tructural Design for the recommendation
of this study and for his keen interest and guléanca; John W,
Flemer for his generous help in conducting this investigetiong
Professor D, H, Pletta, Professor F., J, Maﬁer, Hr. W; P,
Murden, Jr., and Kr, G. K, EeCnuloy of the‘Appliad ¥ echanles
Department for their advice and assistancej the Virginia

Bridge Company of Rosnoke, Virginis from whom the materials
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for the model were cbtelned; and Mrs, E. L. ¥lller, Jr. for

her valugble aid in preparing this thesis,
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1@, PRELIMINARY DEBICGK

A preliminary deslgn was necessary to obtain a model
capable of sustaining sppreciable loadings, and at the same
time able to withatand strains of an smount great enocugh to
reglater aéaurately on the recording equipment, Previous
work on this subject has produced the following approximation
for design:t a flat slsb may be consldered as a wide, shallow
beam; in this beam, stresses resulting from a given loading
diminish rapldly from the immediate region of the load; conw
sequently 1t hes been suggested that the workeble equivalent
besm width be considered es 1/4 of the spen, Uaing this
approximation the dimensions of the model were determined
by analysis of s bent composed of two columns and a strip
of slabe

Before undertaking the investigation cf the model 1t
was necessary to decide upon the locatlons of the electrie
resistance strain gauges and the loading positions, The
gauges used in this study were rectangular rosette type,

.68, they recorded straine in three directions, 459 apart,
thus enabling the magnitude and direction of the principal
surface strains to be determined, It was declded that a
maximum of 16 of these rosettes could be fastered on & 7% by
7% qnadrant. This determinsd a grid of 1/6, 1.8, the rosettes
were located on the sixth parts of the plate {or third parts
of the plate quadrant), Because the grid for the gauges
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determined one extent of asccuracy, it would have meant 1llttle
$0 have & loading gr;d of greater accuracy. It was dacided
that & 1/4 grid would suffise for the loadings, This was
somewhat lubatantiato¢ by noting that the ;ffect of & uniform
load on a eimple beam could be predicted with about 3% error
from the effectas of concentrated loads pleced ;t the quarter
points,
- It was apparent that it would be necessary to léad by
symmetrical peirs in order that all four columns would have
a downward thrust, since no simple method could be found to
nnehor.the columns agalnst tension. The pairs of loading
would slso greatly reduce the number of different loading
positions, .

Tho?rosulting model consisted of a square plate 28" by

28" by i/?' supported by four one inch dismeter round columns
10" high and 14" on center, The plate provided a 7% over-
haﬁg (half bay) for the purpose of simulating a degree of
oeﬂtinuity in the slab, It was decided %o aupporthbhe
golumns on s base plate 17" by 17® by 1/2" in order to éren ‘
vent horizontal movements of the columns. | | \

Figures 1, 2, and 3 present the results of the preliminary

deslgn.
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LOCATION OF STRAIN GAUGES




w]lle
T¥I, ASSH#BLY OF TEE WODEL

The steel obtained from the Virginié Bridge Company of
Roanoke, Virginia wss of intermediate grade, structural
qnallty; The slab plate and the base plate were sheared off
at the siges stated in the nrevious chapter, The columné
were cut to epproximaste length and were finished to the
apecified dimersions at the VPI machine shops The columns
were designed as 10" lengths having slightly tepered and
rounded ends so0 as.to simulate "pinned™ encds when seated in
countersinks drilled in the base plete. The celumné were
electrlically butt-welded to the underside of the slab plate,
This was eccomplished by laying the sleb plate on a horizontel
surraee,'setting the cplumﬁs in their specified positions,
bottom ends up,_and clamping the inverted base plate cver the
rourded ends of the columﬁs. Difficulty was encoﬁntered with
the sntire operation because of slight warping induced in the
" two plates when ﬁhey were cut by shearing.

After the model had cooled and had been set up for check=-
ing purposes it wes noted that the columns did not seat evenly
in the countersinks. It wes inferred that additional warping
reaultihg from the heating aﬁd 6ooling of the metal was the
csuse. It was declded that an initisl load, when testing the
model, woﬁld deflect the structure sufficiently to seat the

columns, Ih order to make the warped base plate seat evenly
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upon a flat surface, flat round buttons of weld were fused

to the under side and levelled to a single horizontal plane,
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IV. PREPARATION OF THE MODEL FOR THE INVESTIGATION!

The surfaces of the model were clesned where the gauges
wers to be qttuched.' The loading grid and the gauge location
grid which were determined in the preliminery design were
!criﬁod upen the s2lab plate, The rosette gauges were pasted
upen the under side of the slab plate at points determined by
the grid. Four linear type gauges, which would measure the

| oolﬂnnAstratns, were pasted,pymmetricnlly around the top of
the eolumn located in the quadrant where the rosettes were
located, Ses Pig, S, | '

Wire leads npproxlmatel& 36" long were scldered to the
gauges snd carefully tagged. A twenty«four hour drying
poriod'v;a required before the moaollqouid be stresnéd. After
th&a drying period the gmuges were checked with in slectric
strain recorder and it was found that three gauges were de=

feotlve. These were replaced, allowed to dry and reshecked,.

The model was now resdy for the investigation,

1y, B, Doble and P, G, G, Isemc, Electric Resistance Strain
Gauges, London, The Bnglish Universities Press Limited, 1948,




A. EXPLARATION

As was previously mentloned it wes declded to load the
model with symmetrical palrs, In order to do this it was
necessary to devise a loading technlgue using sn I-beanm
having as 1ts reactions two movable pirs, symmetrical about
a fixed fulcrum in the center, This form made it possible
to load at all points on the loading grid without necesslie
tating moving the model or the positlion of the fulerum
(the I«beam was free to rotate in all directions). See

Plate 1,

Because of the probabillty that the columns would not
seat perfectly in the countersinks of the base plates, it
was deemed necessary to apply a load of between 1000 and
1500 pounds before "zeroing in" the straln zauzes. It was
noted, after this initlal loed was applied, that by pushing
the columns sudible clicks indicated the firal seatings of
the columns, It was reasoned that the column ends were not
ooincident with the countersinks and the iritisl load with
lateral aild was sufficlent to force the colurns to firm
seatings in the countersinks. For an additional check, an
Ames Dial wes plsced, in turn, against each column sfter
they had been seated, By azain pushing the columns, 1t was
noted that but a slight deflection was indicated by the Ames

Dial. It then seemed spparent that the columns were
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adequately aeated. This was borme out later during the sub-
sequent 1nvestigatioﬁ when, at no time, under much greater
losds, was there any indleation of further movements at the
seatings,

After the columns were seated under the inltiel load, all
the rssettn gauges on the plate, the linear gsuges on the
column, and the compenssting gauge, were "zerced in" at a
reading of 1000 micro inches per inch on the electric strain
recorder, By "seroing” at 1000 micro lnches per inch it was
poqcible té read positive and negative strains., Readings bew
1év 1006'mlcra tnches per inch would indlcate compressive
strains and the readings sbove 1000 micro inches per inch
would denote tensile strains, After all the gauges were
Sgerced® upon this mark an additional load of two or three
thousend pounds was applied. ¥aintaining this losd, each
gauge was read and that geuge which indicated a meximum strain
was 1oe;ted. This critical geauge having been determined, the
loading was continued until e reading of sppréxlmately 900 or
1000 micro inches per inch, on elther side of the 1000 mark,
was resched. This indicated bﬁat the model was strained, at
that purhiculur geuge point, until s stress of approximately
50;0@0 pounds per square inch was produced. The load was
then completely removed, the initial load of 1000 pounds agalin
ayyliad; and the gauges “zeroed™ once more, Thls repeat

operation was necessary because of some creep inherent in the
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natures of the gauges, of the glue which fastened the gauges,
snd posesibly of the wire conneetions, With reference to the
sritical gsuge, the model was agaln loaded to that point where
the gsuge recovrded 900 or 1000 miero inches per inch, plus

or minus, The readings of sll the gsuges were recorded, and
this having been done, all the load but that smount with which
the gauges were "zerced” was removed, All the gauges were
checked for an additionel serious creep and if thers was such
a oreep, they were agaln “seroced”, the loed reaspplied, and
strains rerecorded, This process was repeated for all the

necessary loadings. See Plate 1,
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B, RESULTS

Tables I and II and Pigures 4 through 15 comprise the
results of this thesls, |

Teble I presents the measured surface strains in miero
inches per inch recorded by each gauge, corrected as follows,
In order to lpﬁroximnto the effect of & uniform, distributed
load, it was necessary to add the resulting strains for loads
of equal magnitude at all loading points, However, not all
the individuel losds were equel 8o, to procure the uniform
load, sll the individusl loads were proportioned to an equal
smount of 5000 pounds, Hence, the strains presented in
Table I are not those actuslly messured.

The principal stresses in thousands of pounds per sguare
inch snd stress directions in degrees snalogous with the
measured strains ere presented in Table II, To obtaln the

maximum and minimum principel stresses the following equatlons

were used:l P:q = E.[(é"--;-sY) j(%V(éa-ﬁxﬁtP(G%Y‘éﬁ‘)] .

V=" Y ¥V }

in whioch r.c‘ are the maximun and minimum principal stresses
respectively, E 1s the modulus of elasticity of steel
(30,000,000 psi), v 1s Polsaon's ratio (,30 for steel), and

€x, €xy , €y are the strains messured by components of the

rectanzular rosette gaunge,

1y, M, Prooht, Photoelsstioclty, Vol. I, Chap, I, New York,
John Wiley and Sons, Ine, 1941,
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The straln or stress Airections were obtained by using the

following equation: tan ZOH = Z_ny— (eue.,) ;
Ex-€y

in which € is the angle measured from either the x or y axls
indicating the direction of the prineipal stress, In Table II,
the subletter x or y by the angle O indicates the axis from
which 8 was measured. |

| Huving ebtained the principal stresses, curves connecting
pﬁints of equal stress were plotted upon the quadrant having
the gauge locationz for each of the senarate lcadlngs. These
were ﬁhon combined In_logical relationship to present stress
curves for the whole plate within the confines of the columns,
A linear interpolation was used to obteln the curves, These

stress curves, presented in Flgures 4 through 15, represent

plotorially the results of this experiment,
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. VI, CONCLUSIONS

This thesis is one of several concerned with the problem

of stress distribution in slabs which participate in frame
ection. R. J. Kolkerlvpresented & thesls which listed and dias-
cussed provipua literature on work with slebs and plates,

J. W, Flemer,3 in his thesis, 1s obtaining experimental re-
sults for a loaded model similar to this one, but with spane
drel besms between the columns. J. V. Sutton,d in a proposed
thesis, will ocompare analytical resultavwith the experimental
results obtsined by ¥Kr, Flemer, K, W. Cogan,% in a proposed
thesis, will compare snalytical results with the experimental
results of this thesis,
The results of this thesis are estimated to be adequately
relisdle inasmuch as symmetrical conditions of load produced
results which matched with small error at the llnes between

quadrants. A surprising result was the relative proportions

1g, J. Kolker, A Bibliography Concerned with the Effect of
Floor 8labs, with and without Spandrels on the Homents 1ln
Columns Due to Vertiocasl or Lateral Loads, Thesis, Virginia
Foéytoohnic Institute, Blscksburg, Virginia, June 1951,

T+ Wo Flemer, The Effect of Floor Slabs, with Spandrels on
the ¥oments in Columne Due to Vertical or Latersl Loads,
Proposed Thesls, Virginia Polytechniec Institute, Blacksburg,
?1531&&:. 1981,

+» V. Button, The Elastlo Effect of Columns on the ¥oments
in Slebs, with Spandrels, Due to Vertical Loads, Proposed
Thesis, Virginia Polytechnie Institute, Blacksburg, Virginia.

1981,
EK‘ W. Cogan, The Elastic Effect of Columns on the Moments
in Slabs Due to Vertlical Loads, Proposed Thesis, Virginia
" Polytechnic Institute, Blacksburg, Virginia, 1951,
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of positive and negative bending stresses in the slab for the
uniform load conditior, The negative stresses over the
e¢olumns are approximately 504 of those in the center of the
pltte. This might be due to & high stiffness factor of the
plate in relation to that of the column, By the preliminary
design method (see page 6), the amount of negative bending
atresses over the columns are more nearly 100% of those in
the senter of the span. In gerersl, the preliminery design
was rather géneroua. At the time of the desipn 1t was esti-
mated that, under a partioular loading corditlon, a 3000
pound loed would produce a stress of 35,000 pounds per square
inch. Actually, under this condition of load, a 5000 pound
load wes required to produce this streas. |

1t is hoped that this thesis, slong with the others pre-

‘'viously mentioned at the bYeginning of this chepter and with

those yet to be conducted pertaining to this subject, will
help meke pbssible more practical and more economical design

approaches for the "Flat Slab® type of structure.
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