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" ABSTRACT:

The behaviour of reinforced concrete flat slabs with central
openings of different size and shape were investigated under the
application of uniformly distributed load. The aim of investiga-
tion is to predict deflections, maximum strains, initial cracking
loads, cracks propagations and finally the failure loads. A
finite element program based on nonlinear andlysis has been deve-
loped to analyze reinforced concrete slabs to predict their
behaviour . The predicted analytical results have been compared

i:.vith those of the experimental.
INTRODUCTION:

5 Reinforced concrete slabs often contain openings of consi-
derable sizes for ducts, pipes,,K and other services. The size and
the shapes of those openings might greatly affect the behaviour
of such slabs. This study has been made to investigate the
offect of central opening of different sizes and shapes on" the

- behaviour and strength of reinforced concrete flat slabs - with

different thickness under uniform load. Comparisons between' “the
tesults of the experimental work and the finite clement analysis

are given.
SCHEME OF EXPERIMENTAL WORK:

: Ten reinforced concrete slabs each of 150 cm side length
wihonly bottorn . reinforcement: of 8. bars 6 mm diameter. of mild

- 17 -



. “,‘}{'

stp:e_.i_' in both directions were tested..
" The considered slabs can be classified into three groups:

Group 1: Two identical solid slabs 6 cm and 4 cm thickness with-
out openings SOX6, SOX4 respectively.

Group 2: Six identical slabs 6 cm and 4 cm thickness, with centr-
al square openings of 20, 30 and 50 cm side length, C2-

6,C3 6,C5 6,C2 4, C3 4 and C5 4 respectively.

Group 3: Two identical slabs 6 cm thickness having central
circular openings of 50 cm diameter C506 and C504
respectively.

The dimensions and reinforcement arrangcmentA are shown in
Fig. (1). ‘

The Models were casted in a smooth forms made of play-wood,
and three cubes were casted also as a control specimens for each
mix and stripped at the same day of its model.

The concrete mix used was made of ordinary portland cement, sand
and gravel of 10 mm maximum nominal-size. "The mix proportions by
weight were: :

Cement Sand Gravel w/C

1 -2 T 4 : 05

The average compréssivc cube. ‘sti'cngth after 28 d‘éys was 220
kg/cm®,  The concrete was mixed mechanically and compacted
manually, :

TEST PROCEDURE:

Slabs were tested after 28 days from casting. Two days
before testing, a brass demec points were fixed on the. bottom
surface of each slab in a position to allow for 15 cm gauge
length and accuracy of 0.002 mm demec strain gauge to -be used.
Fig. (2) shows the demec points distribution on slabs and- the
special arrangement made to fix dial gauges of 0.01 mm accuracy
and total travel of 20 mm in the desired position to ensure
proper deflection readings. : S

The slab models were tested using the steel structure model

shown in Fig. (3), supported on four cormer supports, each was a
steel plate 5*5*1 c¢cm. A compressible material of 1 cm thickness
was placed between the slab and the supports to ensure uniform

.« Teaction.  The slabs were loaded up to failure in increments
..using partially filled sand sacks each of 30.kg.  The load
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increment was 240 kg and 120 kg -for .6 cm and 4-cm thickness
models respectively. After application of each load increment
the strains as well as the deflections were recorded, also cracks
propagation marked, and finally the cracks patterns were
photographed at failure. |

RESULTS OF THE EXPERIMENTAL WORK:

Deflections:

Figures (4) and (5) show the maximum deflections recorded for the
tested slabs, It is obvious that slabs without openings showed
the minimum deflections while the one with the biggest opening
size indicated the maximum deflections.
It is noted that maximum deflections recorded for slabs with
circular openings compared with those having square openings of
side length equal to the circular opening diameter indicate
smaller deflections.
Figures (8) through (12) show maximum deflections of the
different 6 ocm thickness slabs and the corresponding 4 cm
thickness slabs. It is obvious that the deflections of 6 .cm
thickness slabs at the imitial cracking loads are smaller than
those of 4 cm thickness slabs, while at the failure loads the
opposite is noticed.

Tables (1) and (2) show the relation between maximum
dleféections for the tested slabs as percentages of that of solid
slabs,

Tensile Strains:

Figures (6) and (7) show the load-maximum tensile strain
relationships for the tested slab. It is clear that the maximum
strains were recorded for the slabs with the biggest openings
dimensions and the minimum for those solid slabs. It is mnoted
also, that the maximum strains were recorded at the edge of the
openings. The relations between the maximum tensile strains for
the tested slabs are almost the same as the values given in

tables (1) and (2).
Cracking and Failure Loads:

Figutes (13) through (17) show the cracks propagation
patterns at failure loads for the three tested groups. It is
noted that the main cracks for all tested slabs of square opening
are passing through the corner of the opening. The maximum
carryin% capacity represented in failure loads were recorded in
solid slabs, while the minimum were recorded for slabs with the
biggest opening size. Slabs with circular opening shows more
carrying capacities and nearly axisymmetrical cracks pattern than
these of square openings.
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"' THE FINITE ELEMENT PROGRAM -

" A finite elemerit program based on a non linear analysis of
reinforced concrete wusing quadrilateral isoparametric plate bend-
ing elements (12 degrees of freedom). The nonlinear relationships
of stress-strain for concrete in both compression and tension
besides the effect of concrete tension stiffening are considered.
To account for these nonlinearities ,an incremental loading

procedure using tangent stiffness method was used.

Figures (8) through (12) show comparison between analytical
and experimental results.

CONCLUSIONS:

This paper was done to study the behaviour and strength of
the two way reinforced concrete flat slabs with ceatral openings
under uniformly distributed loads. - '

From the obtained results it could be concluded that:

(1) The dimensions of the opening considerably affect the

behaviour of slabs with openings. The bigger the opening size
the smaller the carry capacity accompanied with larger
deflections strains and more cracks propagations. ' '

(2) Circular openings shows more carrying capacities, more
uniform cracks propagation and strains distributions and less
deflections than those of a square opeming having a side length
equal to the circular opening diameter.

(3) The effects of openings stated in conclusions (1) and
(2) have an inverse relation with slab thickness, 4 -

(4) comparison between the analytical and experimental
results emphasizes good agreement. The deviation in some results
are due to the small thickness and dimensions of the tested slabs
which were chosen to be handled manually. These deviations are

smaller for slabs with 6 cm thickness than those with 4 cm
thickness. ' e

Further research work on the location of the openings and
the effect of cantilever besides the openings might be of
importance and suggested as future works.
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Table (l): Relation between maximum deflections of the

tested slabs.

-

rcentage

Slab

Max. deflections as % of Those of
Solid slabs.

At cracking loads

At failure loads

czpde
c2[14
C3[36
c3014
cs5[d6
c504
C506

C50 1

113
121
136
158

170

106
l106
112
117
129
134
117

127

Table {2): Comparison between maxi deflections of 6 Cm th

and 4 Cm th slabs.

Percentage

% of masx.

deflection for

6 Cm th./'4 Cm th slabs.

i il 1
Slab with At cracking loads At failure loads
No.
' 59 144
Opening
Sqg. dpeuing
58° 138
20 * 20
Sq. Opening
35 134
30 * 30
Sg. opening
31 130
50 * 50 .
Cr. opening
53 131

d = 50 Cm

T
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(b?_ 4 Cm thickness slab. C2!:J4

-Cracks propagation patterns for slabs with

openings 20x20 Cm, Group 2a.
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Figure (15): Cracks propagation patterns for slabs with

square openings 30%x30 Cm, Group 2b.
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(a) 6 Cm thickness slab. C5{16.

"(b) 4 Cm thickness slab. C50}4.

Figure (16): Cracks propagation patterns for slabs with

square openings 5050 Cm, Group'Zc.
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(b} 4 Cm thickness slab. C504.
Figure (17): Cracks propagation patterns for slabs

circular openings d = 50 Cm, Group 3.
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