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ABSTRACT

This paper reports six tests of simply supported floor slabs 6 ft (1.8 m) square 6 in (15 cm) thick post-tensioned
in the two orthogonal directions. The test slabs were intended to represent the region around intermediate
column supports of prestressed flat plate structures. Prestressing was applied eccentrically in both directions
by tendons of circular profiles using DYWIDAG deformed prestressed single-thread bar tendons of 15.1 mm
diameter tendons, placed through 21 mm diameter corrugated metal conduits. Three slabs had bonded tendons
by grouting their conduits and two were left unbonded. The sixth slab was ordinarily reinforced in the two
directions by the same DYWIDAG straight bare bars at the same spacing layout of prestressed tendons and
with the same end anchorage conditions at the slab simply supported edges. In one of the prestressed bonded
slabs the tendons were symmetrically concentrated in both directions under the column region as shown in
Fig.(1). The concrete compressive strength ranges between 5250 psi (367.5 k/cm®) and 6360 psi (445.2 kg/cm?).
The slabs were tested to failure under centrally applied concentrated load through a square column stub,
monolithicaly cast with the slab. Final failure of all the slabs were by punching of the column stub through the
slab. The validity of the well recogized methods of analysis were compared and checked against the test results.
Based on the tested slab results, other test results and the analytical studies, design recommendations were

drawn.

INTRODUCTION

While sizable body of knowledge has been developed
dealing with the flexural strength of prestressed concrete
flat plates or slab bridges ,supported on columns or
individual bearings, shear strength at thier connections
with supports has received very little attentions in the past.
Also current codes and standards give little or no guidance
on the assessment of ultimate shear strength in such
circumstances [1,2,3]. The connections between the floor
or bridge slab and the columns in prestressed flat plate
structures and prestressed slab bridges were generally the
most critical part, because it is a region where large
moments and shear forces are concentrated.

Research into the behaviour and strength of prestressed
slabs has been mainly on unbonded slabs with corners free
to lift [4]. The tests reported here were designed to
provide experimental data on the shearing resistance of
solid slabs orthogonaly prestressed in two directions by
bonded and unbonded tendons with varying amount of
prestress and different concentration of the unbonded
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tendons in the column vicinity.

Recommendations on punching capacity and design
methods for the prestressed bridge and/or floor slab-
column connections were concluded.

TEST PROGRAMME

Six test specimens were designed to simulate the part of
a flat plate, in the actual structure, bounded by the lines
of contraflexure in the column vicinity in a multi-panel
floor system. Therefore, the specimens were supposed to
represent the region of negative bending moment around
an interior column . Figure(l) and Table(l) give the
dimension of the test specimens , while Fig.(1) shows also
the general arrangements of the post-tensioned prestress
cables layouts.

The load on the connection which in practice consists of
a uniformly distributed load on the deck slab was simulated
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Table 1. Description of test specimens, notations and test results.

spl(il!ﬂ Yyp. of “ f.. ks f.l ‘pc Saac: Yiaar
No. reinf. psi psi kip psi psi in, kips
R R 5249 M - = - 0.458 85.40
L | _=£3%
F—!“’ 4! 6090 381 | 162 | 300 7129¢ 0.806 | 113.98
.—P!‘ PU $257 394 21,0 | 00 109076 0.859 | 125.88
| Bews | MR 391 4 16,2 | 300 71314 0.815 | 100,08
J,, Pb_ | 6157 | 386 16,2 | 300 143083 1.158 | 117,43
P Pb | 6356 624 27.0 - | 500 143357 0.976 | 124,35
1-For conversion: 1 1n.#25.4 aa , | kips1000 [b=453.4 kg ,0.07 kg/ca® =1 psi
2-For all specisens: d,=4.875 in. , d,=4.056 in, , d=d,+d,=4.47 in.
(at center of slab), rscoluan’s side width=10 in. , r/d=2,24 except for specisen R where d=4.5 in,[fig.(3)]
p, A, /sd=. 691 , £, =134400psi (9408 kq/cmlat 0.2 offsat ,and £, =158200 psi (11074 kg/ce®)
ii- Notations:
?‘f area of ore prestressed tendon , A'=area of ordinary reinforcement
= average effective depth of prestressed steel, at center of slab
.= compressive cylinder strength of concrete
;cp = split cylinder strength of concrete
F. = gffective prestress force per cable
ch : average effective concrete prestress after losses =F ./st
S = cable spacing and t= slab thickness
FY = specified yield strergth of prestress tendons
{:u - gpacified tensile strergth of prestress tendons
R = ratio of prestressed reinforcement or steel reinforcament in this
paper
{PS = stress in prestress at nominal strength in accordance to ACI 1989
Building Code requirements Egs.18.3 and 1B.4.
Spay= Maximum deflection obtained before failure of specimen

Type of reinforcement notations : R Ordinary Reinforcement, P“ Prestresssd
with un bonded tendons , Pbprestressed with bonded tendons .
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Figure 1.

Test specimens dimensions and cables layout.
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by supporting the slab along its four sides with the corners

prevented from lifting up. The test specimens were tested

under axial load through the column stub, monotonically

loaded in increments till failure .

Three of the specimens were provided with unbonded
DYWIDAG single thread bar tendons placed in
corrugated metal ducts at 33% or 60% of the breaking
strength according to the amount of the average concrete
prestress, f, required. Two of these specimens had varied
effective mean prestressing stress after losses, f.
Specimens P,; had f, =300 psi (21 kg/cm’) and P, had
f,.=500 psi (35 kg/cm?). The third Specimen P_, had over
all mean effective concrete  prestress stress after losses,
f,=300 psi (21 kg/cm®), but it had 75 % of the total
tendons, in each direction, concentrated under the column
stub, within 42 % of the total slab width under the column
stub , see Fig.(1).

Two other specimens P,; with f.=300 psi (21 kg/cm’),
and Pb5 with f,=500 psi (35 kg/em®) had bonded
tendons, while the sixth test Specimen R is reinforced with
unstressed DYWIDAG straight bare bars of the same
diameter and general arrangement layout as that of P, ,
P, ,P,; and P, and with similer end anchorage, Fig.(4-a).
Included also in the test programme, as indirect
parameter, is the concrete strength. The concrete
compressive strength ranges between 5250 psi (367.5
kg/cm®) and 6360 psi (445.2 kg/cm’).

The tendons profiles for P, , Ps, P Py; and P, were
circular arcs with variable eccentricities, see Fig.(3). The
iower points of the cables had maximum eccentricity,
emax, from the middle plane of the slab which is the
chosen level for the end anchorage of the cables =1.875
in (47.6 mm).

The test specimens were grouped into four groups as
shown in Table(2) to clarify the effect, on the behaviour
and shear strength, of the major studied parameters;
mainly:

1- The effect of prestressing against that of ordinary
reinforcement on the behaviour and strength. This
parameter was studied in group L

2- The amount of prestressing average effective stress,
f. ,on the behaviour and strength. This parameter was
studies for both unbonded and bonded prestressed
connection as presented by group II and III
respectively .
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Figure 2. Detail At An Anchor

Plate.

Figure 3. Centerline profiles of
prestressed bars.
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Figure 4 (a). End anchorage
bearing plates and position of
reinforcement for connection R,
(b) Crack detector measurring
device.

3- The effect of concentration of cables above the
column head zone, this was studied by group IV.
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Prestressing steel

The stress-strain relationships for the DYWIDAG
threaded single bar prestressing ducts are shown in
Figuure (5). As its yield point is not well defined, the
02% offset proof stress was chosen to represent the
prestress tendon’s yield stress. The specified yield strength,
f» and the specified tensile strength of the tendons, f,,
were 134400 psi (9408 kg/mm’) and 158200 psi (11074
kg/mm?) respectively.

TEST RESULTS
I- General behaviour of test slabs and mode of failure.

Visible flexural cracks first appeared on the tension side

Alexandria Engineering Journal Vol. 29, No. 4, October 1930

of slabs at between 47% and 52% of their ultimate loads
for unbonded test specimens and between 42% and 48%
for bonded test specimens. The visible flexural crack for
test specimen, P_;, with tendons concentrated under the
central column stub, appeared at 40% of the ultimate load
and that for the connection R which had Ordinary
Reinforced concrete floor slab appeared at 35% of its
ultimate load.

The cracks generally started around the floor slab-
column interface lines and at lines radiated from these
intersection lines towards floor slab edges close to corners.
With the increase in loading the cracks gradually
progressed further towards the slab edges and those
emanating at column corners intercept the edges of the
slab at short distances from their corners. There were no
other cracks parallel to floor slab edges or circomferencial
around the periphery of the loading stubs or any where in
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Figure 6. Load-central column stub deflection relationships.

the prestressed floor slabs, see Fig.(7-a) through (7-b). In
the connection R with Ordinary Reinforced concrete floor
slab, beside the cracks formed on the tension side along
the column perimeter and the radial cracks mentioned
before, cercomferencial cracks appeared at 47% and 50%
of its ultimate load. In general, the intensity of cracks
were great in case of the connection having an Ordinary
Reinforced floor slab, Specimen R Fig.(7-h), compared to
the connections having Unbonded or Bonded prestressed
floor slabs.

Although most of the above major cracks followed the
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general expected yield-line crack pattern, the ful
development of yield-line mechanisms did not fuly
develope before failure of any of the connections took
place. The failure of all the connections were reached
when the column stub punched through the floor slabs,
the punching displacement (drop out) was recorded to be
in the range of 50 mm or a bit more. This displacement
can be noticed from the marked measured displacement
on the plain scale fixed to the column stub at the time of
preparation of Fig.(7-€) for demonstration. Figure(7-¢)
shows also the clear cut of the punched periphery at the
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€ - terwion side of specimen Ps

b - failure mechanism at
teneion t.ide of specimen f'nl

Figure 7. General crack pattern and failure mechanism surfaces

after failure of test specimens.
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e - Punched failure mechanism at compression
side of specimen Peas

e
- Crack pattern and punched failure

mechansim at tension side of specimer ."-‘

h - tersion side of specimen R g - Tersion side of specimen Fas

U

Pigure 7. Continues

the immediate floor slab-column intersection lines which respectively. The failure surfaces were inclined at an angle
was common for all the test specimens included in this about 30 to 40 of the floor surface.

investigation. The punched through truncated pyramid for Starting of Inclined diagonal cracks was recorded by the
Specimens P; and Py, are shown in Figs.(7-b) and (7-f) crack detectors Fig.(4-b). The results recorded for all the
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test specimens were plotted in Fig.(11). The figure shows
that the start of Inclined cracks in the specimen’s slabs
were at between 65% and 80% of their ultimate load. The
final failure load were by punching which was attained at
much higher loads due to the effect of either the Ordinary
or Prestressed reinforcement after the formation of the
web(inclined)-shear failure mechanism.

?2- Failure Loads:

All the test specimens failed in shear, Fig. (7), by
punching of a plug of concrete in the form of a truncated
pyramid. For the unbonded and bonded floor slab-column
connections, it has been observed that cracking is
restricted to the column perimeter and a few radial lines
emanating from there on and from the column corners.
This pattern takes flexure-shear cracking unlikely and web-
shear cracking the most probable cause of a punching
failure. -

The factors affecting the punching resistance were very
distinct, see Tables(2) and (3). The influence of prestress
can be very well appreciated directly from the results of
the test specimens for both types of prestressing ,
Unbonded and Bonded ones. the increase in the ultimate
punching capacity was between 33.4% and 47.4% for
Unboded Prestressed Tendons for average prestress,f,. of
300 psi (21 kg/cm®) and 500 psi (35 kg/cm’) respectively.
For the connections having Bonded Prestressed Tendons
the increase in ultimate strength was between 37.8% and
45.6% corresponding to £, of 300 psi (21 kg/cm®) and 500
psi (35 kg/cm®) respectively. The increase in the ultimate
strength of Specimen P_,; in which the prestressing
tendons were concentrated in the column vicinity, see
Fig.(1), was 17.15% compared to the ultimate strength of
Specimen R having Ordinarily Reinforced Floor Slab.

The increase in strength due to the use of the bonded

cables against that of the unbonded ones for the case of
the connections having small average prestress was very
small, because the specimens failed by punching before
much total deformation occurred in either cases.
The ultimate strength of the connection P_, is much
smaller than the ultimate strength of Specimen P,, which
is exactly similar to it in all respects except for the general
layout of the Prestressing cables in the column vicinity,
Fig.(1). The reduction in the punching strength of P, was
due to the location of the Prestressed Tendons close to
the ciritical shear plane, thus reducing the shear strength
in a manner similar to a poorly located ducts®.
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3. Deflections:

Typical load deflection curves for all the test specimens
are shown in Fig. (6). They did not show distinctive
plateaus, especially for those specimens provided with high
average concrete prestress value, f, whether produced by
unboded or bonded tendons. The maximum deflection
attained in each slab was influenced by the amount of the
average concrete presiress, f, and the type of prestressing
cables, unbonded or bonded ones, see Table(1).

The stiffness of the floor slab-column connections were
shown to increase very rapidly as the average f_ value
increases. Small difference was found to occur for bonded
connection compared to those provided with unbonded
tendons. None prestressed floor showed the smallest
stiffness as compared to prestressed ones even at a small
level of stresses at all stages of loading. The stiffness of
specimens prestressed with bonded cables is slightly
greater than those with unboded cables.

Although the floor slab-column connections failed in
shear at the column region. The prestressing of the
connections at the column region did increase thier shear
strength and stiffness, see Fig.(6). There was no increase
in the ultimate capacity nor in the stiffness of the
Specimen P_; compared to the Specimen P, which have
the same average prestress, f, across the slab width.

4- Steel strain :

The load-increase in strain curves of the prestress
steelFig.(8), usually followed the general shape of the load
deflection curves of the corresponding slabs. They also did
not display distinctive yield plateaus. The start of yielding
of the prestress steel is clearly demostrated for Spcimens
P, P, Pos , and P,;. The strain gauges placed on the
prestressed bars of P were damaged during the grouting
process and therefore they were not presented. The start
of yielding of the prestressed steel before failure was
markedly detected, following the nature of the load-
deflection relationship for Py , Fig.(6) and Fig.(11).

The load-strain relationship of Connection R,the
reinforced concrete one, Fig.(8), similar to its load-
deflection relationship, Fig.(6), did not indicate the start of
yield in this specimen. Figures(8) and (9) demonstrate the
start of yield of the prestress steel close to the column
region at higher loads, in all the others. Yielding was very
prominent before complete failure of the connection by
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punching of the column-stub through the floor slab, g
Figs.(7) and (8).

Figure(9) demonstrates that the prestress forces in ¢
tendons increased  appreciably at higher loads befon |
failure, especially those close to columns.

Increase in steel strain
a-Specimen Pu3l

¢

b

H

L.y

i 2

Increase in steel strain
b-Specimen Py§

Increase in steel strain
c- Specimen Pcy3

Increase in steel strain
d- Specimen Pp3

S

. Figure 9. Distribution  of
Increase in steel strain concrete strain on compresion
e. Specimen R side of floor slab and
distribution of prestressing
steel bars strain at different

Pigure 8. Load-increase in steel load levels.
strain curves for prestressing
steel.
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5- Concrete Strains:

The concrete strain, on the compression side across
dine O-O Figure (9-a), as measured by Electric Strain
Gauges in the immediate vicinity of columns and by
mechanical demec gauges else where along the line, were
plotted in Figure (9) at different stages of loading. This
figure shows concentration of strains at about distance d
from the column corner then followed by a decrease in
strains as the distance gets away from it. Also the
concrete strain as measured along centerline of the
specimen on the concrete compression side between the
column face and the floor slab edges were plotted in
Fig.(10) for most of the specimens at different stages of
loading. It also shows a gradual decrease of the strain as
the distance gets away from column face. The maximum
values of concrete strain measured close to the floor slab-
column interfaces are of the order reached mostly at shear
failure.

ANALYTICAL STUDY

The strength of the test specimens were calculated
using the well recognized empirical equations developed
for reinforced concrete floor slab-column connections
and those equations that were developed for prestressed
floor slab ones(**”.

I- Moe’s Equation:
This equation was developed by Moe™. It forms the
basis for the ACI 1989 Building Code Requirement® as

it was based on an extensive analytical and experimental
study by Moe.

15(1-0.075r/d)

5.25bdyf, )

where, V, = ultimate shear force.
r = side length , and other terms are defined in
Table(2).
For the case of a simply supported square slab of side
length a and loaded through a square column with the
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corner free to lift, the ultimate flexural strength is given by
the yield-line theory is:

1
Via=8 m, { 'i_—(,-/a)} -3/ 2 )
wh = ultimat nt i it 1 f
L R Y S 0ot length o
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Figure 1.0 Distribution of
concrete strain along centerline
of test specimen.
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2- Scordelis, Lin, and May equation:

The equation were developed by Scordelis et.al.® for
prestressed floor slab-column connection. This equation
was based on the results they obtained from tests of 15
normal weight prestressed floor slabs.

V. =(0.175 - 0.0000242 £, + 0.00002 F, /s)bdf’ [3]

Where F, = effective prestress force per cable,lb.
s = cable spacing, in.

3- Grow and Vanderbilt equation:

This equation was introduced by Grow and Vanderbilt”
as a result of their experimental study on tests to failure
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of the post-tensioned specimens constructed using a
expanded shale aggregate.

V, =(360 + 030 f. ) bd [4
4- Building Code method’s equation”:
i- Two-way prestressed slabs.

V.= (B, V& +03€)bd+V, [

b, = perimeter of pseudocritical section located at :
distance d/2 from column faces = 4(r + d).

V. = nominal shear strength provided by concrete.

p = vertical component of effective prestress forces

crossing the critical section.

B, is the smallest of 3.5 or (@, d/b + 1.5), @, is 40 for

interior column, 30 for edge column and 20 for corner

columns. '

Design values for f’ and f are restricted due to limited
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test data available for higher values as follows:

(a) £, in equation (5) shall not be taken greater than 5000
i (350 kg/ cm” ), and

(b) f in each direction shall not be taken less than 125
psi (8.75 kg/cm’ ), nor be taken greater than 500 psi

(35 kg/cm® ).

ii- For non prestressed slabs:
V. shall be the smallest of:

4
Vo= (24 =) VB byd [6-a]
B

c

Where B, is the ratio of long to short side of the column.

a, d
Vc = ( “"b" + 2) ch, bo d [6.b]

o

wheree q, is 40 for interior columns, 30 for edge columns,
20 for corner columns, and

V. =4/ b,d [6-¢]

COMPARISON BETWEEN ANALYTICAL AND TEST
RESULTS

The results obtained from the analytical studies were
tabulated in Table(2) and compared with test results. As
may be seen in the table the test strength of the
prestressed floor slabs were reasonably well predicted by
Eq.(1), which was developed for Ordinary Reinforced
concrete floor slabs and footing. But its results was not
the same for Specimen R without prestress  floor slab.
This may be due to the use of the very high strength
prestress steel, which was not taken as a parameter in the
data used for the development of Moe’s equation. This
produced high flexural shear capacity, V., thus reduced
the predicted shear strength of Specimen R, as computed
by Eq.(1).

Equations (3) and (4) were developed for prestressed
floor slabs made of normal or light weight aggregate. they
both gave very conservative results for both unbonded or
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bonded prestressed specimens, especially those bonded
ones. Both equations could not accommodate for the
effect of the bonded prestress tendons on the strength and
behaviour of the studied Specimens. They also will not be
able to accommodate for the presence of additional
Ordinary reinforcement that may be necessary in some
cases to improve the behaviour of bridge and floor slabs
at their connections with the supporting columns.
Equation(4) does not also take into account the effect of
the compressive strength of concrete on shear strength of
the connections.

The ACI 1989 Building Code Eq.(S) gave good
correlation with the test results, although still some what
conservative. It does not provide for the effect of the type
or the amount of the Ordinary steel on the shear strength
of the floor slab connections, nor does it consider the
effect of bonded tendons on their behaviour. This equation
seems to be able to predict the shear strength of an
Ordinary Reinforced floor slab , when no upper limit is
put for the value of B, and compute its value from 0§, =
(a,d/b + 15).

The shear strength computed from the following
equation which is suggested to be used for Ordinary
reinforced floor slabs was incorporated in Table(3) for
comparison.

V.=8 /i b, d M
Where B, = a, d/b + 15

As shown in Table(2) the value Vg calculated for the
unbonded tendon’s connections, by using the expression
for f, as given by Eq.(18.4) of the ACI 1989 Building
Code which has been mainly proposed for beams, were
greatly below the test stress. This indicated that this
expression, for beams, probably developed for much
longer cables , were not applicable to short cables used in
this test specimens. A study of the test results, along with
approximate computation for cable elongation due to fiber
strain, cracking and deflection of floor slab, showed that
the f,, value may favorably approximate the value of f, for
such test specimens. The calculation of V,_ using this
specified value for f, resulted in good correlation with the
test results for both V,_ and the correspondingly shear
strength computed by Eq.(1) as shown in Table(3).

C 165



ZAGHLOUL: Behaviour And Strength Of Reinforced And Prestressed Concrete

Table 2. Comparison of V,,, and V..

Y.L.Theory Noe Scordalis brow and Al 199
Type ,Line § Nay | Vaaderdilt Code
brosp Specinen of Vieae N ke -t
Mo. M. Ilil‘. H" v(.l‘. 'v‘;“ v-ulc ;'.:_' 'nm b;.".; M‘ - 'ul- :
-J u” calc “” cale u” sels .m calc “ﬂ cale
' t 85.4 [ 131.40(0.45 | tod.5H080 | - | - - - | segm
P [ 1398 | 7004154 | 8760 0,30 | 49.20 1.65 | ©0.44 1,42 | 62.33 131
5, Pos (X U763 | 14046083 | 11507 0.02 | 60291072 | 00.44 1.4 | 0232135
P g 125,80} 110.44(0.13 | 105.69 1,19 | 93.50 135 | 9019 1.37 | 10208 1.2
Po ’ 12035 | 142.16{0.07 m.s? 1.00 | 9224 1.3 | 9119 1.3 | re2.08 1.2t
- . — bo— p—
., e, 1398 | 7604080 | en611.30 | 60,28 185 | 80.441.42 | 8732131
S - ’ 125,88 | 110.64(1.13 | 105,85 1.19 | 9390 1.35 | 91.191.38 | 102.881.22
Pes ’ 107,63 | 140.46{0.83 | 115.4711.02 | 6825178 | 90.44 1.46 | 97.32]1.35
5
N 1 oo | ess [uzasfewr | neselner | ageas | oean e | ozesfia
T Ps P U398 | 760 | oenet(i.3e | 69.281.65 | B0.44 141 [ 87.321.31
L
Pous ’ 100,05 | 74.04[1.35 | 87.61{1.30 | 48.821.45 | 80.48/1.24 | 87.32]1.15
1 kip = 1000 Ib =453.4 kg
Notations: ¥
View = measured ultimate shear force.
Ve = shear force corresponding to flexural failure, obtained
by Yield Line Theory for square slab with the cornars
fres to 11ift.
Veae = Calculated ultimate shear force.
CONCOLUSIONS 4 The effect of concentration of tendons at the
supporting column vicinity. i
The purpose of this investigation was to determine the 5- The effect of the compressive strength of concrete.
effect on the behaviour, the actual failure mechanism 6-  Studying the applicability and comparing between the
and the shear strength for the connections of slab bridges most recognized analytical methods. :
and floor slabs to their supports of: Studying also the availability of those methods to caer
1-  The varying average effective concrete presress, f. for the important parameters that thought to have the
2- The type of floor slabs, which may be Ordinary or greatest influence on the behavior and shear strength. It
Prestressed. also aimed at obtaining useful data for design purposes of
3- The type of presressing tendons, unbonded or slab-columns in slab bridges and flat plate structures.

bonded ones. The results of this investigation showed that:
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Table 3. Comparison of V, and V_,, after modification.

o i 7 \ i
{ z I ! Y.lTheory | Mes Dicordalis | Grou and ! i
i ‘ Type | ,Line & Nay | Vasderbilt Cade :
oy bpcionn | oF b Voo | Focer | T
Ne. : Ne. | reinf. kips v..u.‘ v“" v:nu 2ot '--u i;' Veale |—— 'GO“ r— :
i L .‘.‘ cole “.' cale tm care l .u. cale .i" cele I
e T e luedeas | wsfom| - |- e Deedia |
i 1 | i
| e o luse lmsdess | uzefien | eafies | esdne | ol
OO N lm.u Im.w o8 ULl | Wi | e 0L
\ ]
Doe  0n [osee ismamens . usedian osinis i wage® | ez
| e o]0 e ese e | o208 | s ) e |
I : :
- f . i i — __,[_v I___':_._._ + =i
i ha 1 n [ Disorfoes | uzefien | oo | . 2 0.
H | } 3 i
"o e | rosee pasesless ousefen | s |osnasuse ) ees(iz
S s Sl e sy )
. 1 N
Pre 0 on D unes s | usier | s [ s.fie | 87.32}1.38
s |
i ] (SR T AT (X i 16.5(1.07 | 2.2[0.35 l naejie | 102882
achle S e ._____4._____4‘,___ et : b2uts __+._. Ll
¢ Phebn e {erless | unarfien | eamhes . skl oenmfua
 — H : ! i E :
s |, 10008 | 13304078 uz.t+.n WAL . M | emfas
: | ! | | H ‘

|- High shear strength was obtained by prestressing the
floor slab, even when applying low average concrete
prestress, f.. The increase in shear strength was 33.4%
and 47.4% for f,,c between 300 psi (21 kg/cm®) and 500
psi (35 kg/cm®) respectively. Also shear strength
increased with the increase of f,, with almost the same
rate for unbonded and bonded tendons.

- Small increase in shear strength was noticed when
using bonded prestressed tendons for slabs instead of
unbonded ones, only when the applied average
concrete prestress, f,, was small, compare between the
results of Groups SyandS;;, Tables(2) and (3).

3 There was no advantage of concentrating prestressed
tendons,in the column vicinity. This may be due to the
possible reduction in the shear strength due to the
location of the prestressed tendons close to the critical
shear planes.

4 The effect of compressive strength of concrete on the
shear strength capacity, although of major effect, was
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not covered in this investigation, because its variation
within the test specimens was negligible.

S- Examination of the design methods for obtaining the
shear strength of floor slab-column connections show
that:

Equations (3),(4)and(5) developed for prestressed floor
slabs made of either normal weight or light weight
concrete do not accommodate for the presence of
Ordinary Reinforced Steel in the floor slab.They also did
not account for unbonded and bonded prestress tendons
effect. Equation(4) did not take the effect of compressive
strength of concrete on the shear strength into
consideration.

6- Comparison of the test results with the calculated
values of Egs.(1), (3), (4) ,(5) and (6) show that:
Equation(1), although was developed for normally

reinforced floor slabs and does not account for the

average concrete prestress, f., surprisingly gave good
results for the present tests, table(2)and(3), and those
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tested by others®”. The reason for obtaining such good
results by Eq(l) may be, mainly, due to the great
influence of the flexure shear strength, V,_, which is the
major parameter for the shear strength computed by this
equation.

The flexural shear strength of the connection,V,
depending mainly on the type and amount of the
prestressing tendons ie. the area and the specified
tensile strength of the prestressing tendons, .

7- Equations (3) and (4) were found to be extremely
conservative and do not take all the parameters affecting
the shear strength into account it also did not consider the
actual mechanism of failure.

8- Equation (5) and the suggested Eq.(6) produced
reasonably conservative results, but they are capable of
predicting the behaviour of the interior bridge and floor
slab-column connections. Albeit simple to apply, they do
not include all the variables affecting the shear strength.
9- Although the suggested specified tensile strength, [, ,
based on data obtained in this study resulted in good
correlation between the computed and the test results, as
given in table(3), further study is required in view of the
actual mechanism of floor slab structure further than the
studied short span simply supported floor slab models.
10- The punching of the column through the slab at
ultimate can be considered a secondary phenomenon
following the destruction of the compression zone, due to
combined flexure and shear, after the web-shear cracking
was occurred.
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