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Forsok med betongplattor understodda

av pelare vid fri kant

Sven Kinnunen

Vid Institutionen for Byggnadsstatik,
KTH, har under ett antal ar studerats
problem, som #r av betydelse for di-
mensionering av betongplattor pa pela-
re. I foreliggande undersokning stude-
ras plattors verkningssitt vid kantpela-
re. Avsikten var att experimentellt
kontrollera om berékning av inspén-
ningsmoment i kantpelare med férenk-
lad metod baserad pa elasticitetsteorin
kan accepteras vid dimensionering, att
undersoka hur plattans inspanningsar-
mering bor fordelas och utformas, samt
att studera plattans barforméaga med
hénsyn till genomstansning vid kant-
pelare.

Forsok

Totalt provades 9 plattor. Alla belasta-
des till brott. Varje provplatta bestod
av en rektanguldr platta 180300 cm,
tjocklek 13 cm, understodd av en kant-
pelare 20X 20 cm mitt pa vardera kort-
sidan, FIG. 1. Pelarna hade teoretisk
lingd 100 cm, var nedtill hopkopplade
med ett dragband med diametern 20
mm och var upplagda pé ett fixlager
resp. ett rullager. For att mojliggora
armeringsutformning, som ar aktuell
for mellanbjilklag, var vid provplattor-
na 8 och 9 vardera pelaren forsedd med
en 60 cm lang pelardel ovanfor plattan.
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FIG. 1. Provplattornas dimensioner. Belastningsanordning.

e—(2)

2

(|

Byggforskningen
Sammanfattningar

R2:1971

Undersokningen behandlar armering
av pelarunderstodda plattor vid kant-
pelare.

Undersokningens experimenteila del
omfattar provning av 9 rektangulira
plattor 180 X300X 13 ¢m, som var un-
derstodda av en kantpelare 20X20X
100 c¢m mitt pa vardera kortsidan.
M ingden béj- och skjuvarmering samt
inspdanningsarmeringens  utformning
och fordelning varierades.

Riktlinjer ges for bestimning av di-
mensionerande  inspinningsmoment,
erforderlig armering parallell med plat-
tans fria kant och i forekommande fall
skjuvarmering.
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Provplattorna belastades symmetriskt
i spinnviddens fjardedelssnitt med 4
lika stora punktkrafter i vardera snittet.

Variablerna var dels méngden boj-
och skjuvarmering, TAB. 1, dels in-
spanningsarmeringens utformning och
fordelning. Overkantsarmeringen i
plattdel Gver pelare varierade mellan
1,12 % och 2,25 %. Av plattans in-
spinningsarmering inbockades 29—
59 % i pelarna, TAB. 1, medan resten
utformades som “harnalar”, armering
littera A i FIG. 2, och placerades pa
omse sidor av pelaren. Vid provplatta
9 utformades all inspidnningsarmering i
plattan som “harnalar”, varvid 30 %
av denna armering inlades dver pelar-
na. Skjuvarmeringen i plattan var verti-
kal och inlades enligt FIG. 3. Provplat-
torna 1—3 saknade skjuvarmering.

Som bojarmering anvindes kamsting-
er Ks 40. Skjuvarmeringen var utsku-
ren ur armeringsnidt Ns 50. M#ngden
skjuvarmering i plattan bestimdes ur
villkoret, att denna armering ensam
skulle kunna uppta 75 % av den beriik-
nade pelarlasten vid bojbrott.

Under forsoken uppmdttes i forsta
hand provplattornas spricklast, brott-
last och nedbdjning samt kraften i
dragbandet mellan pelarna, TAB. 2. 1
punkter av speciellt intresse mittes toj-
ning och stukning dels i plattans boj-
och skjuvarmering, dels i betongen pa
plattans undersida. Vidare miittes plat-
tans vinkeldndring vid pelare och vid
ndgra provplattor dven plattans hori-
sontalforskjutning (knutpunktsfor-
skjutning).

Resultat

Kraften i dragbandet, och féljaktligen
dven inspidnningsmomentet, var ap-
proximativt direkt proportionell mot
pelarlasten, FIG. 4. Avvikelsen mellan
berdknat och uppmiitt inspinningsmo-
ment var hogst 18 %, om detta mo-
ment berdknas som for en ram och om
dirvid forutsittes elastiskt material,
stela knutpunkter och osprucket tvir-
snitt. Nér belastningen understeg 55 %
av brottlasten, dvs. vid belastningsniva
aktuellt for underarmerade betongplat-
tor i bruksstadium, var avvikelsen
hogst 13%. Det berdiknade inspin-
ningsmomentet var i medeltal ca 4 %
for litet vid plattorna med den mindre
armeringsmingden och ca 4 % for stort
vid plattorna med den storre armerings-
mingden. Bestimning av inspidnnings-
moment i kantpelare med forenklad
metod baserad pa elasticitetsteorin gav
saledes nojaktigt resultat och bor kun-
na anviandas vid dimensionering, om
dn med viss forsiktighet.
Genomstansning erhélls vid alla prov-
plattorna utan skjuvarmering, TAB. 2.
Endast vid platta 2, som hade den min-
sta armeringsmingden, var darvid boj-
armeringen i plattan fullt utnyttjad och
den beridknade grinslasten uppnadd.
Genomstansningen inleddes inom om-
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FIG. 3. Skjuvarmering i provplattorna 4 och 6. M20-M22 dr de skjuvjirn, i vilka
tojningen miittes. Skjuvarmeringen placerades pd samma avstdnd fran pelaren i
provplattorna 5 och 7—9.

Platta Pelare
Bojarmering Vridarme-
g ring &0 =
8 Ok, | Uk, .0~ Ok, =S=——=s 18 b=
s 8 Ok, /| Uk, /| g -
—g '§ Apl(Ay+Ap) Ay+Ap Ag Ag Ap Ag & _5‘
3 B g% ér;a
& A8 cm?® cm?® cm?® cm?® cm? A5 = 5
1 — 0,59 11,50 13,35 12,44 2,26 2,26 6,79 2,26
2 — 0,59 7,66 10,21 9,05 1,13 1,57 6,09 3,83
4 3,73 ° 0,59 7,66 10,21 9,05 1,13 1,57 6,09 3,83
6 ,73 0,39 7,76 10,21 9,05 1,13 1,57 6,09 5,30
3 — 0,59 15,33 20,42 18,10 2,26 2,26 10,18 3,93
5 7,06 0,59 15,33 20,42 18,10 2,26 2,26 10,18 3,93
7 7,06 0,39 15,51 20,42 18,10 2,26 2,26 10,02 3,93
8 7,06 0,29 15,51 20,42 18,10 3,39 3,39 10,61 3,93
9 7,06 0 15,70 20,42 18,10 3,39 3,39 10,61 3,93

Beteckningar:

Ok, Uk — i plattans Gver- resp. underkant

Tosafid — iriktning | resp. // understddd plattkant
A, Betc. — armering littera A, B etc., se FIG. 2

A,, Apete. — arean for armering littera A, B etc.

A, /(A,+Ap) =kvoten mellan den i pelare inbockade inspanningsarmeringens ar
och inspanningsarmeringens totala area

TABELL 1. Armering i provplattorna.
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TABELL 2. Viisentliga provningsresultat.
Materialhéllfasthet. Spricklast. Brottlast. Kraft i

dragband. Brottfenomen. Berdiknad grinslast.

6, = armeringsstalets strickgréns

P, = pelarlasten vid forsta bojspricka
pa plattans ovansida vid pelare

P, = pelarlasten vid forsta bojspricka

pé plattans undersida i falt
P, = pelarlasten vid brott

A, # 0 anger att full vidhiftning mellan
tryckarmering och betong har for-
utsatts

Anmirkningar:
a ] borjan av forsoket pafordes belastning

D, = kraften i dragbandet vid brott
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FIG. 4. Uppmiitta samband mellan kraften i dragbandet D och pelarlasten P. Provplat-

torna 2—9.

+eoe Beriknat samband mellan D och P.

Anger brottlast.

Oleub o P, Por By D, Brottfenomen P
kp/cm?® kp/cm?® Py

&n ~~

g R &4

=1 = -

? 0
2 € g 8 g, Eag 48 T %
B = B2 2 ¥ wis By > >
& & <& & £ o0 ¢12 Mp Mp Mp Mp &8 S £E& < <
1a 0,59 300 300 4320 4855 — — 130 4,96 X 1,19 1,28
2 0,59 333 333 4290 4310 6 6 13,1 4,54 X 0,99 1,00
4 X 0,59 347 493 4235 4320 6 6 13,5 4,76 X 0,95 0,96
0,93¢ 0,93¢
6 X 0,39 316 394 4290 4290 6 6 12,4 3,64 X 1,06 1,06
0,89¢ 0,90¢

3 0,59 293 424 4310 4285 6 9 16,9 b X 1,22 1,35
5 X 0,59 330 410 4290 4335 6 6 22,8 7,30 X 0,89 0,99
7 X 0,39 315 399 4225 4335 6 9 22,4 6,07 X 0,91 1,01
8 X 029 355 454 4590 4230 9 9 22,0 6,27 X 0,98 1,07
9 X 0 346 418 4575 4200 9 9 23,5 7,51 X 0,91 1,01
Beteckningar: P, = beriknad gréanslast endast i belastningssnitt narmast fixlag-
Ag/(A,+Ap)=se TAB. 1 A,, =0 anger att tryckarmeringen har ret, pd grund av felkoppling av dom-
Oyup = betongens kubhéllfasthet férsummats krafter i laboratoriet. D& provningsre-

sultaten kan ha paverkats av detta miss-
Sde, anges for platta 1 inga spricklaster.

b D, uppmittes icke. Extrapolering ger

D,~4,8 Mp
¢ Armeringen littera L i pelare har an-
tagits vara spanningslos.

rddet innanfor pelarens tryckta kant.
Skjuvsprickan, som uppstod nir belast-
ningen uppgick till 60—70 % av brott-
lasten, hade inom detta omrade samma
lutning som skjuvsprickan vid de cir-
kuldra plattor med pelare i mitten, vil-
ka tidigare provats av Kinnunen & Ny-
lander (1960).

Inliggandet av skjuvarmering i plat-
tan medforde vid provplattorna med
den storre armeringsméngden att brott-
lasten 6kade ca 35 % och att plattans
brottvinkeléindring vid pelare oOkade
mer dn 65 %. Brottet vid dessa prov-
plattor kom som genomstansning, plat-
torna 5 och 7, eller som tryckbrott i
pelare, plattorna 8 och 9. Brottsprickan
vid genomstansning borjade uppstd
inom omradet innanfor pelarens tryck-
ta kant nir belastningen uppgick till ca
90 % av brottlasten. Vid provplattor-
na med den mindre armeringsmangden
medforde inldggandet av skjuvarme-
ringen naturligtvis ingen O©kning av
brottlasten. Vid dessa provplattor upp-
stod leder mellan pelare och platta,
varefter plattans nedbOjning Okade
snabbt, samtidigt som belastningen
borjade minska. Nagot egentligt brott
intriffade ej. Den mot bdjarmeringen
svarande beriknade grinslasten upp-
niddes vid alla provplattorna med
skjuvarmering, TAB. 2. Brottet vid des-
sa plattor kan dérfor sdgas ha varit av
typen bojbrott. Verkan av skjuvarme-



ring var saledes densamma som vid de
tidigare av Kinnunen & Nylander
(1960) och Andersson (1963) provade
plattorna med pelare i mitten.

Provplattorna med lika mingd bdj-
och skjuvarmering hade i stort sett
samma brottlast, TAB. 2, och nedbdj-
ning. Signifikant skillnad i brottlast er-
holls ej med andelen i pelare nedboc-
kad inspdnningsarmering i plattan.
Brottlasten minskade ej di all inspin-
ningsarmering i plattan utformades
som “harnalar”.

Mitningen av plattans nedbdjning vi-
sar att plattdelarna intill en kantpelare
kan betraktas som stela i radiell rikt-
ning inom ett omrade, som begrinsas
av en linje efter vilken det radiella mo-
mentet dr noll.

Tdojningen i plattans inspinningsar-
mering i ett snitt ldngs pelarens tryckta
kant var inom omrédet utanfér pela-
ren approximativt omvént proportio-
nell mot avstandet frin symmetrilinjen
genom pelarcentra. Uppmitt tojning i
plattans inspénningsarmering visar, att
forsiktighet méste iakttagas betriffan-
de armeringens utdragsldngd och for-
ankring i plattan.

Plattans vinkeldndring vid pelare vid
viss pelarlast var for provplattor med
samma mingd bodjarmering oberoende
av om plattan var férsedd med skjuy-
armering eller ej. Denna vinkelidndring
paverkades inte ndmnvirt av inspin-
ningsarmeringens utformning i pela-
ren, sa lange pelarlasten var mindre 4n
80 % av brottvirdet. Vid plattorna
utan skjuvarmering var plattans vinkel-

andring vid pelaren, efter det att skjuv-
sprickan uppstétt, koncentrerad nistan
helt till skjuvsprickan. Vid plattorna
med skjuvarmering ddremot var vin-
kelindringen koncentrerad till tvd zo-
ner. Ungefdr %5 upptogs som vinkel-
dndring mellan pelaren och plattdelen
rakt over pelaren. Aterstdende 24 var
koncentrerade huvudsakligen till boj-
sprickan mitt Gver pelarens tryckta
kant.

Forsoken tyder pa, att om dragarme-
ringen i pelarens inspinda dnde for-
ankras i plattan eller i pelarens tryck-
zon, bor dragarmeringens krokta del
vara understddd av korsande arme-
ringsstinger.

Vid den teoretiska Overarbetningen
av forsoksresultaten har griinslasten
bestidmts for tva fall. I det ena fallet
antogs, att pelarna #dr Overstarka och
grénslasten bestdimdes enligt brottlinje-
teorin. I det andra fallet antogs, att me-
kanism med flytleder i pelarnas inspin-
ningssnitt och i plattans filt bestimmer
granslasten.

Med stod av brottlinjeteorins 16sning-
ar har uppstillts villkor for att den
vinkelrdtt mot pelarunderstodd kant
liggande bjarmeringen i plattan jaimte
bojarmeringen i pelaren ensam skall
behdva beaktas vid beridkning av kon-
struktionens birformaga vid bojbrott.
Dessa villkor bestimmer méngden och
fordelningen av den vid en kantpelare
erforderliga armeringen parallell med
plattans fria kant och beaktar vridmo-
menten i plattdelarna pa 6mse sidor av
pelaren.

UTGIVARE: STATENS INSTITUT FOR BYGGNADSFORSKNING

Sittet att beakta kantpelarens utbred-
ning vinkelrdtt mot plattans fria kant
vid berdkning av det dimensionerande
inspdnningsmomentet i plattan har stu-
derats. Det visas, att det sbkta momen-
tet kan beréknas i etapper. Forst berik-
nas plattans inspdnningsmoment i det
snitt, i vars plan pelarens tryckresultant
verkar. Diérvid antages att pelarens
tryckzon #r koncentrerad till tryckre-
sultanten. Det erhéllna inspinningsmo-
mentet korrigeras direfter for att be-
akta tryckzonens verkliga utbredning
vinkelritt mot plattans fria kant.

Genom beriikningar har visats, att
for plattdelen invid en kantpelares
tryckzon giller dels att tvirkraften Ar
koncentrerad mot pelarens tryckta
horn, dels att den med tvirkraft och
vridande moment statiskt ekvivalenta
resulterande kraften (P,+M,/d,) dr
avsevirt storre dn pelarlasten P,. Det
rekommenderas att skjuvarmeringen i
plattan dimensioneras si, att den en-
sam kan uppta 75 % av kraften (P, +
M,/d,).
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Tests on Concrete Slabs
Supported on Columns at Free Edges

Sven Kinnunen

Problems which are of importance in the
design of concrete slabs supported on co-
lumns have been studied for several years
in the Division of Building Statics and
Structural Engineering, Royal Institute of
Technology, Stockholm, Sweden. The pre-
sent investigation is a study of the beha-
viour of these slabs in the neighbourhood
of edge columns. The object of this inves-
tigation was threefold, viz., first, to ascer-
tain by experimental check whether a
simplified method of calculating the re-
straining moment at an edge column on
the basis of the theory of elasticity would
be acceptable in design, second, to find
out how the reinforcement for restraining
moments should be distributed and de-
signed, and third, to study the load-bear-

PLAN

ing capacity of the slab with reference to
punching at edge columns.

Tests

The total number of slabs subjected to the
tests was 9. All slabs were tested to failure.
Each test specimen was a rectangular slab,
180300 cm in plan and 13 cm in thick-
ness. It was supported on an edge column,
20%20 cm in cross section, at the mid-
point of each shorter side. See Fig. 1, The
theoretical length of each column was 100
cm. The columns were connected at their
bases by a tie rod, 20 mm in diameter.
One column rested on a hinge bearing,
and the other on a roller bearing. In order
to permit an arrangement of the reinfor-
cement similar to that used in interme-
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FIG. 1. Dimensions of test slabs. Loading devices.
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The present investigation deals with rein-
forcement at edge columns of concrete
slabs supported on columns at free edges.

The experimental part of this investi-
gation comprised tests on 9 rectangular
slabs, 180X 300 13 cm in size. Each slab
was supported on an edge column, 20X
20X 100 cm in size, at the mid-point of
each shorter side. The amounts of flexural
and shear reinforcement, as well as the
shape and the distribution of the rein-
forcement for restraining moments, were
varied in the tests.

Recommendations are given for deter-
mining the design value of the restraining
moment, the requisite reinforcement pa-
rallel to a free edge of the slab, and the
shear reinforcement, if any.
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concrete slab, load-bearing test, concrete
slab supported on columns, edge column,
free edge, restraining moment, punching,
reinforcement, design.

reinforcement, concrete slab, reinforce-
ment for restraining moment, shear rein-
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diate floor slabs in practice, each column
in Test Slabs Nos. 8 and 9 was extended
so as to project 60 cm above the slab.
Each test slab was submitted to symme-
trical loads at Y4-span sections. Four
equal concentrated loads (point loads)
were applied at each section.

The variables studied in the tests were,
first, the amounts of flexural and shear
reinforcement, and second, the shape and
the distribution of the reinforcement for
restraining moments. The amount of top
reinforcement for negative moments in
the slab portion over a column was varied
from 1.12 to 2.25 per cent. From 29 to 59
per cent of the reinforcement for restrain-
ing moments of the slab was bent down
into the column, see Table 1. The remain-
ing part of this reinforcement consisted
of bars shaped so as to form hairpin
bends, marked A in Fig. 2, which were
placed on both sides of each column. In
Test Slab No. 9, all the reinforcement for
restraining moments consisted of these
hairpin bars, and 30 per cent of this rein-
forcement was located over the column.
The shear reinforcement of the test slabs
was vertical, and its arrangement is shown
in Fig. 3. No shear reinforcement was
used in Test Slabs Nos. 1 to 3.

The flexural reinforcement consisted of
Type Ks 40 Swedish Kam steel ribbed
bars. The shear reinforcement was cut
from Type Ns 50 Swedish wire fabric.
The amount of shear reinforcement in
each slab was determined from the condi-
tion that this reinforcement alone should
be able to carry 75 per cent of the column
load at failure in flexure calculated by
means of the ultimate strength method.

The quantities primarily measured in the
tests were the cracking load, the ultimate
load, and the deflection of the slab, as
well as the force in the tie rod connecting
the columns. See Table 2. The tensile and
compressive strains were measured at
points of special interest, first, in the
flexural and shear reinforcement of the
slab, and second, in the concrete on the
bottom surface of the slab. Furthermore,
the measurements covered the angle of
rotation of the slab portion at the column
and, in some test slabs, also the horizontal
displacement (sidesway) of the slab.

Test results

The force in the tie rod, and hence also
the restraining moment, were approxi-
mately directly proportional to the co-
lumn load, see Fig. 4. The difference be-
tween the calculated and observed values
of the restraining moment did not exceed
18 per cent, on condition that this moment
is calculated in the same way as that of a
frame, and on the assumption of elastic
materials, rigid joints, and non-cracked
cross section. When the load was lower
than 55 per cent of its ultimate value, i.e.
at a load level met with in underreinforced
concrete slabs in the service stage, this
difference did not exceed 13 per cent. The
calculated restraining moment was on an

Top of slab ¢ Bottom of slab
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FIG. 2. Reinforcement of Test Slabs Nos.
2 and 4. Test Slab No. 4 was moreover
provided with shear reinforcement shown
in Fig. 3. The same designations were used
for the reinforcement of the other test
slabs.
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FIG. 3. Shear reinforcement of Test Slabs Nos. 4 and 6. M20 to M22 are the shear
reinforcing bars which were used for strain measurements. The shear reinforcement
in Test Slabs No. 5 and Nos. 7 to 9 was placed at the same distance from the column.

Slab Column
Flexural reinforcement Torsional
2 reinforce- e o 8
t [}

g men ﬂé S g
2 B g8 g8
7 48 T B.L T/ T/ B g5 &S
3 S5 Ap/(A\t+ApA,+A 5.8 g
B4R R TR S TR Ag A, A, Ag [~R> S8

cm? cm?® cm® cm? cm?* cm? cm?® cm?®

1 0.59 11.50 1335 12.44 2.26 2.26 6.79 2.26
2 — 0.59 7.66 10.21 9.05 1.13 1.57 6.09 3.83
4 3.73 0.59 7.66 10.21 9.05 1.13 1.57 6.09 3.83
6 3.73 0.39 7.76 10.21 9.05 1.13 1.57 6.09 5.30
3 — 0.59 15.33 20.42 18.10 2.26 2.26 10.18 3.93
5 7.06 0.59 15.33 20.42 18.10 2.26 2.26 10.18 3.93
7 7.06 0.39 15.51 20.42 18.10 2.26 2.26 10.02 3.93
8 7.06 0.29 15.51 20.42 18.10 3.39 3.39 10.61 3.93
9 7.06 0 15.70 20.42 18.10 3.39 3.39 10.61 3.93
Notations:
T,B = top and bottom of the slab, respectively
1 sl = at right angles or parallel to the supported edge of the slab
A, B, etc = reinforcement Type A, Type B, etc. See FIG. 2
A, Ag, etc = areas of reinforcement Type A, Type B, etc.

A,/(A +Ap) =ratio of the amount of that part of the reinforcement for restraining
moments which was bent down into the column to the total amount of
this reinforcement

TABLE 1. Reinforcement in the test slabs.



TABLE 2. Principal test results.

Strength of materials. Cracking load. Ultimate load. Force in tie rod. Mode of failure. Calculated ultimate load.

Okub Oy I,o Pu Pb Db Eg’r_
kg/cm? kg/cm® Mode of failure P,
g
g o =]
E 2 5 g
S B
g en u
'g 2 t g E B 'E =] 3 g’ E‘ g =) =)
@ — < g o g g5 & 8.2 I Ty
2 3 = 2 = § .?:"-gg =288 = s
e & < = O $10 12 ton ton ton ton & £28 [E£8EE < <
12 0.59 300 300 4320 4855 — — 13.0 4.96 X 1.19 1.28
2 0.59 333 333 4290 4310 6 6 13.1 4.54 X 0.99 1.00
4 X 0.59 347 493 4235 4320 6 6 13.5 4.76 X 0.95 0.96
0.93¢ 0.93¢
6 X 039 316 394 4290 4290 6 6 12.4 3.64 X 1.06 1.06
0.89¢ 0.90¢
3 0.59 293 424 4310 4285 6 9 16.9 b X 1.22 1.35
5 X 0.59 330 410 4290 4335 6 6 22.8 7.30 X 0.89 0.99
7 x 039 315 399 4225 4335 6 9 22.4 6.07 X 0.91 1.01
8 b < 029 355 454 4590 4230 9 9 22.0 6.27 X 0.98 1.07
9 X 0 346 418 4575 4200 9 9 23.5 151 X 0.91 1.01
Notations: D, = force in tie rod at failure to the hinge bearing, owing to faulty
P_. = calculated ultimate load connection of jacks in the laboratory.
—see TABLE 1 gr
Ag/A - Agi=me Tl A,, = 0 indicates that compression rein- No crack loads are given for Slab No.

yup = Cube strength of concrete

o, = yield point stress of reinforcement

P, = column load at the appearance of
first flexural crack on top of slab
at the column

P, = column load at the appearance of
first flexural crack on bottom of
slab between the supports

P, = columnload at failure

P Mp

forcement was ignored

A, # 0 indicates that perfect bond was
assumed between the compression
reinforcement and the concrete

Remarks:

a At the beginning of the test, load was
only applied at the load section nearest

25

20

15

10

0
2 4

DMp
6 8 10

FIG. 4. Observed relations between the force in the tie rod, D, and the column load, P.
Test Slabs Nos. 2 to 9. wees Calculated relation between D and P. s+ Ultimate load.

1 since test results may have been af-
fected by this circumstance.

b D, was not measured. Extrapolation
gives D, ~4.8 ton.

¢ It was assumed that reinforcement Type
L in the column was not stressed.

average about 4 per cent too low or too
high, respectively, according as the
amount of reinforcement of the slabs was
lower or higher. Thus, the determination
of restraining moments at edge columns
by means of a simplified method based
on the theory of elasticity gave satisfact-
ory results, and might be used in design,
though with due caution.

Punching occurred in all slabs without
shear reinforcement, see Table 2. It was
only in Test Slab No. 2, where the amount
of reinforcement was lowest, that the
flexural reinforcement of the slab was
fully utilised, and the calculated ultimate
load was actually reached. Punching was
initiated in the slab portion adjacent to
the compressed face of the column. In this
slab portion, the shearcrack, whichformed
when the load ranged from 60 to 70
per cent of its ultimate value, had the
same slope as the shear crack in the cir-
cular slabs supported on a column at the
centre which had previously been tested
by Kinnunen and Nylander (1960).

The presence of shear reinforcement in
the slabs where the amount of reinforce-
ment was higher, gave rise to an increase
of about 35 per cent in the ultimate load,
and to an increase of more than 65 per
cent in the angle of rotation of the slab
portion at the column at failure. These
test slabs failed by punching, Nos. 5 and



7, or by fracture of the concrete in com-
pression in the column, Nos. 8 and 9. The
crack at failure by punching was initiated
in the slab portion adjacent to the com-
pressed face of the column when the load
amounted to about 90 per cent of its ulti-
mate value. In the test slabs where the
amount of reinforcement was lower, the
ultimate load was of course not increased
by the presence of shear reinforcement,
Plastic hinges formed in these test slabs
between the column and the slab, and then
the deflection of the slab increased rapidly
at the same time as the load began to de-
crease. No failure proper took place. In
all the test slabs provided with shear rein-
forcement, the ultimate load reached the
calculated value corresponding to full
utilization of the flexural reinforcement,
see Table 2. Thus, the effect of the shear
reinforcement was the same as in the slabs
supported on a column at the centre which
had previously been tested by Kinnunen
and Nylander (1960), as well as by An-
dersson (1963).

When the amounts of flexural and shear
reinforcement of the slabs were equal,
their ultimate loads, see Table 2, and de-
flections were likewise roughly equal. The
variation in the amount of that part of the
reinforcement for restraining moments
which was bent down into the column did
not cause any significant differences in
the ultimate load. The ultimate load was
not lower when all the reinforcement for
restraining moments in the slab consisted
of hairpin bars.

The measurements of the deflections of
the slabs showed that the slab portions
adjacent to an edge column may be re-
garded as rigid within an area bounded by
a line along which the radial moment is
equal to zero.

In a section along the compressed face
of the column, in the area outside the co-
lumn, the strain of the slab reinforcement
for restraining moments was approxima-
tely inversely proportional to the distance
from the axis of symmetry passing
through the centres of the columns. The
strains observed in the reinforcement for
restraining moments in the slabs indicated
that caution is required as regards the

extension of the reinforcement and its
anchorage in the column.

For a given column load, the angle of
rotation of the slab portion at the column
was independent of the presence of shear
reinforcement when the test slabs were
equal in percentage of flexural reinforce-
ment. This angle of rotation was not not-
ably affected by the design of the rein-
forcement in the column so long as the
column load was less than 80 per cent of
its ultimate value. In the test slabs without
shear reinforcement, after the formation
of the shear crack, the angle of rotation
of the slab was almost completely con-
centrated at the shear crack. In the slabs
with shear reinforcement, on the other
hand, the angle of rotation was concen-
trated in two zones. About ¥4 constituted
the angle of rotation between the column
and the slab portion right over the co-
lumn. The remaining %5 was concentrat-
ed principally at the flexural crack
straight over the compressed face of the
column.

As may be inferred from the tests, if the
tension reinforcement at the restrained
end of the column is anchored in the slab
or in the compression zone of the column,
then the bent part of this reinforcement
should be supported by transverse rein-
forcing bars.

In the theoretical evaluation of the test
results, the ultimate load has been deter-
mined in two cases. In one case, it was
assumed that the columns were over-de-
signed, and the ultimate load was deter-
mined on the basis of the theory of yield
lines. In the other case, the ultimate load
was determined on the assumption of
plastic hinges at the restrained ends of the
columns and in the mid-section of the
slab.

The solutions obtained in accordance
with the theory of yield lines served as a
basis for deducing the conditions which
must be satisfied in order that only the
flexural reinforcement of the slab located
at right angles to the edge supported on
the column, together with the flexural
reinforcement of the column, may have
to be taken into consideration in calculat-
ing the load-bearing capacity of the struc-
ture with reference to failure in flexure.
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These conditions determine the amount
and the distribution of that reinforcement
parallel to the free edge of the slab which
is required at an edge column, and take
into account the torsional moments in the
slab portions on each side of the column.

A study has been made in order to find
out how the width of an edge column at
right angles to the free edge of the slab
should be taken into account in calculat-
ing the design value of the restraining mo-
ment in the slab. It is shown that this mo-
ment can be computed in two stages. The
first stage is the calculation of the restrain-
ing moment in the section which coin-
cides with the plane of action of the re-
sultant of compressive stresses in the co-
lumn. In this calculation, it is assumed
that the compression zone of the column
is concentrated in the line of action of
this resultant. The value of the restraining
moment obtained in this way is then cor-
rected in the second stage so as to take
into account the actual width of the com-
pression zone at right angles to the free
edge of the slab.

As has been shown by calculations, in
the slab portion adjacent to the compres-
sion zone of an edge column, the shear
force is concentrated at the compressed
corners of the column, and the resultant
force, (P,+M,/d,), which is statically
equivalent to the shear force and to the
torsional moments, is considerably greater
than the column load, P,. It is recom-
mended that the shear reinforcement of
the slab should be designed in such a way
that this reinforcement alone can resist 75
per cent of the force (P,+M,/d,).
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BETECKNINGAR

dragbandets area

kraft i dragbandet

D vid brottlast

berdknad kraft i dragbandet, ekv. (2.5)
rambalkens (plattans) elasticitetsmodul
pelarens elasticitetsmodul

dragbandets elasticitetsmodul
rambalkens (plattans)bdjstyvhet
pelarens bojstyvhet

plattans tjocklek

rambalkens (plattans) troghetsmoment
pelarens troghetsmoment

knutkraft n

spédnnvidd, FIG. 3

dragbandets l&ngd, FIG. 3

f&1 tmoment

fdltmoment, svarande mot uppmédtta krafter vid brott,
ekve [4elel)

inspédnningsmoment, vid forutsatta elastiska forh&llan-
den, ekv. (1.1.1)

inspénningsmoment, svarande mot P,, ekv. (3.1.11)

1,

brottmoment (maximimoment) fér pelare

moment i pelartvirsnittet i niva med plattans undersida,
svarande mot uppmidtta krafter vid brott, ekv. (4.2.1)

moment i pelartvirsnittet i nivd med plattans undersida,
svarande mot P1, ekv, (3.2.1)

dimensionerande insp&nningsmoment for platta

korrektion av plattans inspénningsmoment for att beakta
pelarens utbredning vinkelrdtt mot plattans fria kant

den del av plattans inspanningsmoment vilken upptas av
den armering, som ligger Gver pelaren



den del av plattans inspénningsmoment vilken upptas av
den armering, som ligger utanfor pelaren

positivt resp. negativt moment som upptas av den over
pelaren liggande armeringen parallell med understodd
plattkant
pelarlast

koncentrerad belastning, FIG. 3

granslast, ekv. (3.1.1), svarande mot brottlinjefiguren
8); PIG. 23

gréanslast vid icke overstarka pelare, ekv. (3.2.2)

grénslajt vid overstarka pelare, ekv. (3.2.9) och
(342410

P vid brott
berdknad slutlig gridnslast
punktkraft, FIG. 1

avstindet fradn tryckt pelarkant till belastningssnitt
(i 1.1 avstand mellan pelare, FIG. 1)

plattans bredd
(i 1.1 avstind mellan pelare, FIG. 1)

pelarens kantmétt vid kvadratiskt pelartvirsnitt

pelarens kantmdtt vinkelr&dtt mot resp. parallellt med
plattans fria kant vid rektangulédrt pelartvirsnitt

avstindet fran pelarcentrum till punktkraft, FIG. 23
lingden av det omrdde, riknat frén pelarkant, vilket
forsetts med inspinningsarmering svarande mot M_,
FIG. 23 K
plattans egenvikt per l&ngdenhet

effektiv hojd

effektiv hojd for pelare

kvot mellan moment, ekv. (3.1.7)

kvot mellan moment, ekv. (3.1.8) och (3.1.9)
pelarens teoretiska léngd, FIG. 1 och 3

f&dltmoment per léngdenhet

positivt moment per léngdenhet vilket upptas av den

utanfor pelarna liggande armeringen parallell med under-
stodd plattkant



negativt moment som upptas av den utanfor en kant-
pelare liggande armeringen parallell med understodd
plattkant

jamnt fordelad last per ytenhet, FIG. 1

avstidndet fran tryckt pelarkant till det snitt, dar
plattans inspanningsmoment antar sitt dimensionerande

viarde Mg, FIG. 24

avstandet fran pelarcentrum till belastningssnitt,
FiG. 3

koordinater

avstédndet fréan tryckt pelarkant till tryckresultant,
FIG. 24

dragbandets forlangning

kantpelarens vinkeldndring i inspénd &dnde, FIG. 3
diameter

riktningsvinkel for brottlinje, FIG. 23

koefficient som anger punktkraftens fordelning pa
anslutande plattdelar

plattans nedbd jning
t6jning (stukning)

tojning i plattans inspénningsarmering over pelarens
tryckta kant

betongens brottstukning
€ da strickgridnsen uppnis

plattans horisontalférskjutning (knutpunktsforskjut-
ning)

krokningsradie
spédnning
kraften i pelarens dragarmering, FIG. 24

vinkelédndring mellan platta och det pelartvarsnitt, som
ligger 5 cm fréan plattans undersida

¢ vid pelaren over fixlagret
¢ vid pelaren over rullagret

vinkel&ndring mellan pelaren 6ver rullagret och den
plattdel, som ligger mitt Over pelaren



INLEDNING

Under ett antal &r har vid institutionen for Byggnadsstatik, KTH,
studerats problem, som &r av betydelse for dimensionsring av
betongplattor pa pelare.

Betongplattor kontinuerligt upplagda langs periferin och under—
stidda av innerpelare har studerats ingdende,., Ddrvid har moment-
tillst&ndet i cirkuldr platta understdodd i centrum av cirkuldr
pelare och upplagd langs periferin undersckts av Nylander 7145
Metod for bestdmning av bojmoment i fyrsidigt upplagd rektangu-
1&r platta understddd av enstaka pelare i fdltet har angetts av
Nylandsr /2/ och i platta uirderstodd av ett flertal pelare av
Kinnunen /3/. Genomstansning vid inaerpelare har studerats av
Kinnunen & Nylandzr /4/, Kinnunen /5/ och Andersson /6/ /T/.
UndersSkningarna /4/ /5/ /6/ ligger till grund for kap. 2 1 det
av Statens Betongkommitté utgivna forslaget till bestémmelser
f6r dimensionering av betongplattor p& pelare /8/. Forf. hade
tillfsalle att delta i arbetet fOr dessa normer, SOI genomfordes
av arbetsgrupp inom Statens Betongkommitté under ledning av
professor Henrik Nylandar.

Betongplattor med kantpelare har studerats, men undersdkningarna
har varit relativt begrinsade. Metod for bestamning av inspén-
ningsmoment i kantpelare vid plattor utan kantbalkar har fore-
slagits av Andsrsson /9/. Denna metod bygger pa en approximativ
elasticitetsteoretisk 1ldsning. Genomstansning av betongplatta
vid kantpelare har undersokts experimentellt pd& tre provplattor
av Andersson /10/. Provplattorna t&anktes representera den platt-
del omkring en kantpelare i ett pelarddck, vilken begrénsas av
en linjs efter vilken dst radiella momentet &r noll.

Foreliggande undersdkning ingér som ett led i strévan att erhdlla
vkad kunskap om betongplattors verkningssdtt vid kantpelare. Syf-
tet har varit att experimentellt kontrollera om bestédmning av
inspanningsmoment i kantpelare med forenklad metod baserad pé
elasticitetsteorin ger resultat som kan accepteras vid dimensio-
nering, att undersdka hur plattans inspanningsarmering bor for-
delas och utformas, samt att ytterligare studera vlattans barfor-
mdga med adnsyn till genomstansning vid kantpelare.

Forsoksprogrammet uppridttades i samrdd med professor Nylander.
Sammanlagt provades nio plattor. Av dessa provades plattorna 2
£ill 7 inom ramen for elevlaborationerna under vérterminen 1966,
Plattorna 8 och 9 ingick i ett examensarbete, som under lédséret
1966/67 utfordes av d&varande teknologerna Kjell Sjostrom och
Jorgen Svedberg. Undersokningen utférdes med ekonomiskt stéd frin
Statens R&d for Byggnadsforskning. Erforderligt cement stdlldes
kostnadsfritt till forfogande av Svenska Cementforeningen.
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