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I, INTRGDTGTION

Design practice at the present day trends tcward more

4 und more complex ferne cf the reinfcrced ccncrete frame,
The essentially moaelithie character ef a reinfcrced concrete
structure produces a ccntinuocs frame of column, been, and „

alab, The result ef continuity, a reducticn cf critical
mcmsnte und cheers, and the inherent wind bracing, are im•
partant ccntributiens tc increased building economy, In the
continucus reinferced ccncrete structure, economy may be en·
hanced by reccgnising the centinuity between slabe and celumns
and utillsing the ccnsequent reducticn ef critical beam and

nlab momeutsc
At the present, the design standards which apply to the

slsb and cclum type cf structure are inexact because of
limited knowledge ef the behavicur cf the elab·and-column
ccntinueus frame, This limited knowledge has heretcfcre been
cbtained by tedieussmecsurements of the actual defcrmstions
of auch frames, und the ctressee and strains deduced by un·

Üwieldly ecmputaticnc, The arrival ef the electric reeistance
1

strsin gauge helps te make known the etresses and straine
Üef etatically indeterminate frames rapidly, reliably, and with Ü

Ü
a more complete understanding, ,

·
- ~ lt ie the purpose cf this study tc show the stress dis-

tribution in a slab supported by fcur cclumns fixed rigidly



_ ·*··
r ts the slab and to show the relation of stresses in the slab

to those in the column, It is hoped that the sork amd re«
W

‘snlts of this investigation will furnish enough evidence to

help provide proposals of analysis beyond these already

available,
W

The study presented here comprlses the loading and test-

ing ot s seele model building frame of slab and solumns,A For

Wsimplioity, a basis four«column square bay with a sleb over~

r -hanging eneahalf bay on all sides, was chosen for the invcstia

gation, Structural steel was selected for the material be•

Woauae of availability and simplieity of construction, The

behaviour of a similar relnforcsd ooncrete model may be ap-

proximated by making suitable allosanee for the difference:
in properties of the two materials; Stresses in the slabe

and eolumns were ebtained through strain gauges for various

load positions on the slab, Results were obtained from com·
W

pilatien of this data end sos oonelusions are drasn,

The author is indebted to the following: John F, Poulton,

Associate Professor of Structural Design for the recommendation
_ of this study and for hie ksen interest and guidanee; John W,.

Flemer for his generous help in condueting this investigation; r

Professor D, H, Platte, Professor F, J, naher, mr, W, P, W

Hnrden, Jr•, and Hr, Ga K, heéauley of the Applied haehanies

Department for their advice and assistance; the Virginia

Bridge dempany ef Roanokeg Virginia from whom the materials

£
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,

for the model were ebtainedg and Bärte E. Le äéillar, Jau far

her valueble aid in prepaxizxg this thesise

t
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II• PRELIHINAHY DESIGN

‘ A preliminary design was necessary to obtain a model
f

capable of sustaining apprseiable loadings, and at the same
— time able to nithstand strains of an amount great enough to

n register aocurately en the recording equipment, Previous

work cn this subject has produced the following approximation

for design: a flat slab may be considered as a wide, shallow

team; in this been, stressee resulting from a given loading
‘

diminish rapidly from the immediate region cf the load; sone

sequently it has been suggested that the workahle equivalent

team uidth be considered es L/4 of the span, Being this
· approximation the dimension: of the model were determined

,_ by analysis of a heut composed of two columns and a strip

of slab, y
f

Before undertaking the investigation of the model it

eas necessary to decide upon the locations of the electric

y resistance strain gauges and the loading positions„ The

J gauges used in this study·¤ere reotangular rosotte type,

les, they recorded strains in three dircctione, 45° apart,

thus enabling the magnitude and direction of the principal

surface straine to be determined, It was decided that a

mximnm of 16 of these rosettes could be fastened on a 7* by

7* quadrsnt„ Tie determined s grid of l/6, i,e, the rosettes
‘ were located on the sixth parts of the plate (or third parts

of the plate quadrant), Because the grid for the gaugcs



determlned one extent of aoouraoy, lt would have meant little

to have e loading grld of greater acouraoy, It was decided

that a L/4 grld would suffioe for the loadings, This was

aomeehat subetantiated by notlng that the effect of a uniform
‘

vload en e simple team could be predicted with about 3% error

from the effects of oonoentrated loade plaoed at the quarter

points,
— llt was apparent that lt would bc necessary to load hy

eymetrlcal palr: ln order that all four colunns would have,
a downeard thruet, since no simple method could be found to

anaher the column: against tenslon• The palrs of loading

would also greetly reduce the number of different loading

pcsltions, _

The resultlng model conslsted of a square plate 28* by

28* by 1/2* supported by four one inch dlameter round columns

10* high and 14* on center, The plate provided a 7* over•

hang (half bay) for the purpose of slmulating e degree of

aontlnulty in the slaba It was decided to support the w

column on a base plate 17* by 17* by 1/2* in order to pre- I

vhut horizontal movements of the eolumns•
1 E

,

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

design,
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E E III. ASSBEELY GF TEE EOEEL

The steel ohtalned from the Virginia Brldge Company of

1 Roanoke, Virginia was of lntermedlate grade, structural

quality; The slah plate and the base plate were sheered off

at the sizes stated in the previous chapter, The columns

were cut to approxlmate length end were finished to the

specified dimensions at the VPI machine shop, Te columns

. were designed es l0" lengths having slightly tapered and

rounded ends so as to slmulate ”plnned“ ends when seated in
“ counterslnkn drllled in the base plate. The columns were

_ eleotrlcally butt—welded te the underside of the slab plate, ‘

v This was accomplished by laylng the slah plate on a horizontal

surface, setting the columns in their specified posltions,

botto¤„ende up, and clamplng the lnverted base plate over the

rounded‘enda of the columns„ Difflculty was encountered with
1

the entire operation because of slight warplng induced in the

.
I

two platee when they were cut by shearlng•
Ä

‘ After the model had cooled and-had been set up for cheek·

ing purposes it was noted that the columns did not seat evehly
v in the oountorslnks, It was inferred that additional warplng

1

‘
1 reaulting from the hosting and cooling of the metal was the

cause,
llt

was decided that an initial load, when testing the 11
model, would defleet the structure sufflciently to seat the

x columns, za order to make the warped base plate seat evenly

1
ll._E_„______________________________________________________;______________‘
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upon a flat surface, flat round buttons of wald were fused

to the under side and levellad to e single horizontal plano•
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PHREPARATIM G? THE KGDM, FGR THE INVESTIGATION1
IThe

surfaees st the medel vers eleaned ehere the gsuges

were te be attaehed•‘ The leading grid und the geuge leeatlcn

grld which were determlned in the preliminary design were
Ierlhed nnen the elah plate, The roeette gungen were paeted

I

npen the nnder side et the slah plate st pcints determined by

the grlde IFenr linear type gsnges, which weuld neeeure the
I

eelnnn_strsins, were pestedsynmetrieslly eronnd the tcp ef
——the texten located in the qnadrant where the rosettes were

I lseatsd, nee Fig, 5,
I I

Ilre lesds apprexlnetely 58* leng were ecldered tc the

gungen and esrefully tagged,_ A teehtyeteur hner drying I
p•ri¤dIsa•

r•qnir•d_h•£ere the·medel could be etressed„ After
this drying period the gungen were ehesked with an eleetrie ·

J 9 strain reeerder and it was found that three geuges were deed I

feetlve, These were replaeedpeallewed te dry und recheekad,

The·mede1 was new ready fer the investlgetlcn, y

LW,‘B, ßnble and P• G• G, Iseee, Electric Resistance Strain
a Glüßllj Lenden, The English Universities Press Limited, 1948,
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. V• THE‘lhVh3TIGATIOh
A, EXPLANATION

As was previously mentioned it was decided to load the

model with symmetrical pairs, In order to do this it was

necessary to devise a loading technique using an I·beam

having es its reactions two movable pins, symmetrical about

a fixed fulcrum in the center, This form made it possible

to load at all points on the loading grid without necessi•

tsting moving the model or the position of the fulcrum

(the I~beam was free to rotate in all directions), See

Plate 1• « 1

_ Because cf the probability that the columns would not

seat perfectly in the countersinke of the base plates, it

was deemed necessary tc apply a load of between 1000 and

1500 pounds before ”zeroing in" the strain gauges• lt was

noted, after this initial load was applied, that by pushing

the columna audible clicks indicated the final seatings of

the columnsa It was reasoned that the column ends were not

coincident with the countersinks and the initial load with

lateral aid was sufficient to force the columns to firm

seatings in the countereinks. For an additional check, an

Ames Dial was placed, in turn, against each column after ‘

they had been seated, By again pushing the columns, it was

noted that but a slight deflecticn was indicated by the Ames

Dial. It then seemcd apparent that the columns were



0 l' «15—_ ·

adequatcly :eated• This eas herne out later during the sub-

aequent investigation when, at no time, under much greater

loade, was there any indlcaticn of further movement: at the

seatlng:•
l l

After the columna were seated under the initial load, all

the rcsette gaugee on the plate, the linear gauges on the

column, and the ccmpensating gaugc, were ”zeroed in" at a

_ · reading of 1000 micro inchce per inch on the electric strain e

recorder, By *ecroingY at 1000 micro inches per inch it was

possible to read positive and negative strains. Readinge be· y

lot 1000 micro inchcs per inch would indlcate comprcssive

atrains and the readingo above 1000 micro inches per inch
‘eeuld denote tensile ctrains,” after all the gaugcs were

'seroed” upon this mark an additional load of two er three
V.

thouaand pounds was applied. haintaining this load, each

gauge va: read and that gauge which indicated a maximum straln
1

was located, This critical gauge having been determined, the

· leading uns continued until a reading of approximately 900 or

1000 micro inchce per inch, cn either side of the 1000 mark,

wa; reacheda This indlcatcd that the model was etrained, at
0

i that particular gaugc point, until a stress of approximately

eo,oco pcunde per square inch was produced, The load nac ,_

then completely removed, the initial load cf 1000 pounde again

applied, and the gauges ”zeroed‘ once more• This repeat

operation was necessary because ef some creep inherent in the



·l6· I
nature: of the gungen, ef the glue which fastened the gungen,

und poselbly ef the wire conneetlcne• With reference tc the
eritical gauge, the medel was again loaded to that point where

ethe gauge recerded 990 er 1000 micro lnchea per inch, plus
~ er minue• The reading; cf all the gungen tere reccrded, and

this having been dene, all the lead hut that amount with which
the gungen were *zeroed” was removed. All the ganges were
eheeked fer an additional nericus creep and if there was auch

T
a ereep, they were again *¤ereed', the lead reapplied, and

9 ~
etrainalrerecorded, This process was repeated fer all the

necessary leading:. See Plate 1, u
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B, EEBULTS v

Tables I and II and Figures 4 through 15 coprise the

results ef this thesis, ·
I

p Table I presents the measured surface strains in micro

lachen per inch recorded hy each gauge, oorrected es follows,

In order tc approximate the effect cf a uniform? distributed

_ lead? it was necessary te add the resulting strains for leada

ef equal magnitude at all loading points, However, not all

the individual losds were equal so? to procure the uniform

load, all the individual loads were proportioned to an equal

amount of 5000 pounds, Hence, the strains presented in

Table I are not those actually measured•

The principal etresses in thousands ef pounds per square

inch and stress direetions in degrees analogous with the

I meaaured etraina are presented in Table ll, To obtain the

maximum and minimum principal stresses the following equatiens F

wereuuedzl F,q „ ;.K@v) -_t(E; _
I · TSW- \ +1:- '

in which Inc} are the maximum und minimum principal stresses
_ reepsctively} E.is the modulus cf elasticity of steel

(30,000,000 p¤i),·v'ls Pcieson*e;ratio (,50 for steel)p and
€¤, €¤Y ,€Y

are thegstrsins measurcd hy components of the 4

reetangular rcsettegauge•.

th, H, Fracht? Photoelasticity? Vol• I? Ghep• I? Hew'York,
John Wiley and Sons, Inc, 1941, · r



The strain er stress direetions were obtained hy using the
’

gelleeing equation: {an Zérq ·"
Z€¤!· (€x+&~;)

;él‘€~{

in which Ö is the angle measured from either the x or y axis
‘ indieating the direction cf the prineipal stress, In Table II,

a,. the subletter x er y by the angle G*indicates the axie frsm

which B was measured,A
I

·

e
I

having ebtained the principal stresses, ourves cennecting

prints of equal stress were plctted upon the quedrant having

the gauge locations for eeeh ot the separate losdings, These

were then eomhined in legieel relationship to present stress
T

eurves tor the whole plate within the oonfines ef the colunns, F

A linear interpelatlon was used to obtain the curves, These

stress eurves, presented in Figures 4 through 15, represent

- piotcrially the results ot this experiment,
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o K VI, GOXGLUSIGNS
9

This thesis is one ef several concerned with the problem
1

ot stress distribution in slabs which psrticipate in frame
action, R, J, Kelkerl-presented a thesls which listed and dis·
eussed previous literature an work with slabs end plates,
J, W, Flemer,3 in his thesia, is obtaining experimental re·

aulta for a loeded model similar to this one, but with span~
· drel heams between the columns, J, V, Sutton,3 in a prapcsed

thasis, will eompare analytical results with the experimental

results obtained ty hr, Flemer, K, W, Gogan,‘ in a propoeed

thesis, will compare enalytical results with the experimental

h results of this thesis• „
The results of this thesis are estimeted to be adequately

reliable inosmuch as symmetrical conditions ot load produced

results which matched with small error at the lines between

quadrsnts, A surprising result use the relative propcrtions

IR, J, Kalkar, A Bibliography Oenoerned with the Effect of
Floor tlabe, with and without Spandrels on the Momente in
Golumne Hua to Vertical or Laterel Leeds, Thesis, Virginia
Psäyteahnic Institute Blocksberg, Virginia, June 1951,

J, W, Fleer, The Ttfect of Floor Slabs, with Spendrels en
the Koments in tolumne Bus te Vertical er Lsteral Leads,
Proposed Thesis, Virginia Polyteehnic Institute, Blocksberg,
Visginia, 1951,J, V, Sutton, The Elastio Effect of Columne on the MomentsK in älsbs, with Spahdrels, Due tc Vertical Leads, Propceed’ Thesis, Virginia Pelytechnie Institute, Blecksburg, Virginia,
19 1iX: W, Gegen, The Elaatie Effeet of Galumns on the hcments
in ßlabs Dua to Vertical Leads, Propoeed Thesis, Virginia° _Polytechnic Institute, Blaeksburg, Virginia, 1951,



I
5 .-,55-

— ef positive and negative bending stresses in the slab for the
v

uniform load cenditien, The negative stresses over the

eelumns are approximetely soz of those in the center er the

plate, This might he due to a high stiffnees factor of the

plate in relation to that et the column, By the preliminary

design method (see page 6), the amount of negative bending

stresses over the columns are more nearly 100% of those in
the center ct the span, In general, the preliminary design

was rather generous, At the time of the design it was esti—

mated that, under a particular loading ccnditicn, a 5000

pcund load would produce a stress of 55,000 pounds per—square

inch, ·Actnal1y, under this condition of lead, a 5000 peund

lead was required to prcdnce this stress,
5

0‘ It is heped that this thesls, along with the others pre•

I ‘vicuely mentioned at the beginning cf this chapter and with

I
these yet to be cendueted pertaining to this subject, will

I help make pessible more practical and more economical design

eppreaehes for the 'Flat S1ab' type of structure,

I

I
I_ I






