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Abstract:

Self curing concrete (SCC) is a new trend on construction industry. Flat plates are the most commonly used slab system today for multistory
reinforced concrete hotels, hospitals, and apartment houses. In this investigation the focus will be on the effect of the reinforcement ratio and the
effect of central square opening size on the behavior of self curing reinforced concrete flat slabs, This goal is achieved through the studying the
structural behavior of ten RC tested slabs. The experimental program was carried out on ten reinforced concrete plate of (120 x 120 x 7) cm
resting on four supports and subjected to concentrated load. The load was applied gradually in increments to record the first crack load, the
failure load and the deflections at each load increment. Comparative study between the experimental results and previous research on high
strength concrete slabs were performed. Self curing concrete flat slabs were recorded higher cracking loads than high strength concrete flat slabs.

Deflections recorded from SCC were greater than deflection recorded from high strength concrete slabs.
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I. INTRODUCTION

Flat plates are reinforced concrete beamless solid slabs
with or without drops, directly supported by columns with or
without flared column heads. These slabs are mainly failed by
shear [1-2]. Steel reinforcement is considered the main item in
the concrete cost. The effect of reinforcement ratio on the flat
self curing concrete [8,9,10,11,12,13,14] plates is researched.
In many cases, Small openings are required in the slab to
accommodate the electrical and mechanical services such as
heating, plumbing and wventilating risers. The effect of the
opening size on the behavior of the flat slabs is required to be
found out [3,7]. To achieve these goals ten square flat plates
(120 x 120 x 7) cm are prepared, casted and tested. Five slabs
have different reinforcement ratio. The second five slabs have
the same reinforcement ratio and have different central square
side length starting from 10 to 40 cm.
Experimental Program
The aim of the experimental work carried out in this study is to
investigate the following items:

1 -The effect of steel reinforcement ratio on the structural
behavior of the self curing reinforced concrete flat slabs. For
this purpose, five high strength concrete square slabs models
(120 x 120 x 7) cm. having different steel reinforcement ratio
as follows :

a) The first slab (SCR1) has a steel reinforcement ratio of (i =
0.43 %).

b) The second slab (SCR2) has a steel reinforcement ratio of
(u= 0.57 %)

¢) The third slab (SCR3) has a steel reinforcement ratio of (U =
0.72 %).

d) The fourth slab (SCR4) has a steel reinforcement ratio of (i
=0.87 %).

e) The fifth slab (SCR5) has a steel reinforcement ratio of (U=
1.08 %).

All of these slabs have the same Polyethylene-glycol content
(PEG =0.5%) by weight of the cement content.

2 -The effect of central square open size on the behavior of the
self curing reinforced concrete flat slabs. For this purpose, four
square slabs models (120 x 120 x 7) cm. having different
central opening size as follows:

a) The first slab (SCOL1) has no central opening.

b) The second slab (SCO2) has a central square opening size
of 10 cm.

c) The third slab (SCO3) has a central square opening size of
20 cm.

d) The forth slab (SCO4) has a central square opening size of
30 cm.

e) The fifth slab (SCOS5) has a central square opening size of
40 cm.

All of these slabs have the same Polyethylene-glycol content
(PEG =0.5%) by weight of the cement content and steel
reinforcement ratio (4 =0.57%).
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Table (1) Details of the Test Specimens

. Compressive Slab Reinforcem )
Series | Slab . . Opening
Strength Thickness ent Ratio .
No. No. Size (cm)
(MPa) (cm) W%
SCR1 50.55 7 0.43 -
SCR2 50.55 7 0.57 -
I SCR3 50.55 7 0.72 -
SCR4 50.55 7 0.87 -
SCR5 50.55 7 1.08 -
Sco1 50.55 7 0.57 -
SCO2 50.55 7 0.57 10x10
il SCO3 50.55 7 0.57 20x20
SCO4 50.55 7 0.57 30x30
SCO5 50.55 7 0.57 40x40

* SC —Self Curing, * R -Reinforcement, *O —Opening

1 -Effect of
rfint. Ratio

Experimental Work
Program

2 -Effect of
Central Square
Opening

(SCRI) 1 =043 %

(SCR2) 1=0.57 %

(SCR3) u=0.72 %
(SCR4) 1 =10.87 %
(SCONX=0cm
(SC0O2) X=10 cm
(SCO3)X=20cm
(SCO4H)X=30cm
(SCO5)X=40cm

Fig.(1): Flow chart showing the experimental work program

Fig.(2) loading arrangement of SCC reinforcement slabs
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Fig.(3) Show dimensions of the typical tested slabs without opening and

reinforcement details
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Fig. (4) Show dimensions of the typical tested slabs with opening and

reinforcement details

Il. MATERIAL USED IN REINFORCED CONCRETE SLABS
Cement: A locally produced ordinary Portland cement
complied with E.S.S.373/91 requirements was used. [4]
Aggregate: The fine aggregate was siliceous natural sand. The
coarse aggregate was crushed dolomite of maximum nominal
size 14 mm was used.

Fly ash: The mineral admixture used in this experimental
program is fly ash under a commercial name of Supper Pozz-5.

[5]
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Viscosity Enhancing Agent (VEA): The super-plasticizer used
in this experimental program under a commercial name of
Sika-Viscocrete 3425 from Sika Egypt [6].

Water: Ordinary potable water without acidity and alkanity
available in the laboratory was used.

Polyethylene glycol-400: PEG-400 is added at rate of 0.5% of
cement weight.[8]

Table (2) Self Curing Concrete Mix by weight

Table (3) Experimental Test Results of SCC Slabs

Mix proportions ( Kg/ m®)
Cement | Coarse Fine Fly Viscosity Water | PEG%
Aggregate | Aggregate | Ash Enhancing
Agent
366 1128 817 19 7.7 140 0.5

I1l. TESTING PROCEDURE
The RC plates were supported on four corner support. Each
support was a reinforced concrete of (I0x 10 x 10) cm. with
four longitudinal corner bar of mild @ steel (diameter = 10
mm.). Each plate model was loaded up to failure. Fig. (5)
Shows the loading system:
1-For the first group (the effect of reinforcement ratio), we
used one concentrated load at the center of the plate.
2-For the second group (the effect of the central square
opening) system consists of two intersecting steel I-beams (S.
I. B. NO. 10) which were used for distributing the
concentrated load applied at the intersection of the two beams
to four equal concentrated loads.

IV. MEASURING DEVICES

Deflectometers: Dial gauges of 0.01 mm accuracy and total
capacity of 25mm, were used for deflection measurements at
the bottom face of the RC slab.

Hydraulic Jack: Hydraulic jack of maximum capacity 100 kN
and the load is applied at the center of the RC plate.

ri4 ;
idl (1) Dial 2)  Dial (3
I - . s
1

— = =C L.

J-+-p-8--

4 1
30 em. 1 em. cm. 1 30 cm.

30 em. 30 em.
Pid
1

2 L m ! %
Fig. (5) Arrangement of Dials for Different Tested Plates [7]

IV. TEST RESULTS
Test results of the two groups are discussed from the view
point of: deflection, cracking behavior, and ultimate load. The
values of deflection, cracking load and ultimate load for tested
slabs are listed in table (3).

Deflection at Deflection at
First First Crack (mm) Ultimat Ultimate Load
Group | Slab Rfmt Crack e Load (mm)
No. Code 1% Load At At (kN) At At Point
(kN) Point Point Point @
@) (2) 1)
roup . . . I [
G SCRL | 043 | 20 2.1 126 | 22 9.66 | 7.06
o ScrR2 | 057 | 18 096 | 111 | 22 %6'7 15.79
SCR3 | 072 | 18 117 | 101 | 32 ‘2‘0'8 2757
SCR4 | 087 | 24 192 | 16 34 28'7 14.89
198
SCR5 | 1.08 | 26 277 | 303 | 38 : 1524
8{)"“” scol | 057 | 24 113 | 09 30 %5'1 1311
148
sco2 | 057 | 24 100 | 096 | 30 ! 1331
sco3 | 057 | 20 202 | 187 | 22 ;4'6 1258
235
scos | 057 | 18 700 | 579 | 24 : 19.19
Scos | 057 | 18 195 | 214 | 24 187 | 185

Load -Deflection Characteristics
The load deflection curves were obtained using dial gauges of
10 mm with 0.01 mm accuracy. In all specimens the deflection
values were recorded in three points laying along the center
line of the RC plates. Figures (6) through (9) show the load
deflection relationship for different plates of each group.
Figures (6), and (7) show the deflections of the SCC slabs
reinforced with different reinforcement ratios. The deflection
proportion inversely with reinforcement ratio. Slab SCR1
which have minimum reinforcement ratio has registered
maximum deflection while slab SCR5 with maximum
reinforcement ratio has registered minimum deflection.
For slabs with opening side length increase, the overall
stiffness of the slab decrease, consequently the deflection
increase, as Shown in figure (8).

40

Load [kN)

a 5 10 15 20 25 30 35 40 a5

Deflection {(mm)

Fig. (6) Load -Deflection Comparison for RC Plates of Group (1) at Point (1)
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Load (kN)

—#—SCRL
——5CR2
—i— SCR3
——5CR4
—M—SCRS

a 5 10 15 20 25 30

Deflection (mm)

Fig.( 7) Load -Deflection Comparison for RC Plates of Group (1) at Point (2)

40

35

Load (kN)

a 5 10 15 20 25
Deflection (mm)

Fig. (8) Load -Deflection Comparison for RC Plates of Group (Il) at Point (1)
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Fig. (9) Load -Deflection Comparison for RC Plates of Group (Il) at Point (2)

Cracking behavior

First cracking load (Pcr) and Ultimate loads (Pult) for all
tested slabs are shown in figures (10) and (11).For group (1)
slabs with different reinforcement ratio the cracking load is not
consistent with the reinforcement ratio p%. In case of SCR5
the cracking load was bigger than all the previous cases. It was
expected that the cracking load is proportional to the
reinforcement ratio.

128

For group (1) In general the results were consistent, as the
opening side length increase, the cracking load decrease.

Ultimate Load

The values of ultimate load (Pult) compared to the cracking
load (Pcr) for all tested slabs are shown in figures (10) and
(11). For group (I), the increase in reinforcement ratio is
accompanied by increase in the ultimate load capacity as
expected. RC Slabs with opening (group II), In general the
results were consistent, as the opening side length increase, the
ultimate load decrease.

side length increase, the ultimate load decrease.

40

B Cracking Load

35 W Ultimate Load

30

25

20

Load (kN)

15

10

SCR1 SCR2 SCR3 SCR4 SCRS

Fig. (10) Cracking and Ultimate Load for RC plates of Group (I) Effect of
Reinforcement Ratio 1%

40
W Cracking Load
35 W Jltimate Load
30
25
=
=
3 20
m
o
-
15
10
5
o T T T T
5C0O1 5C02 SCO3 s5C04 5CO5

Fig. (11) Cracking and Ultimate Load for RC plates of Group (II) Effect of
Opening Size

Engineering Research Journal, Menoufiya University, Vol. 42, No. 2, April 2019



N. Y. ELWakkad, KH. M. Heiza “STRUCTURAL BEHAVIOR OF SELF CURING REINFORCED CON...”

Mode of Failure

In general, all slabs failed under pure bending as shown in
figures (12) & (13). Tests showed general behavior for all the
slabs under flexural loading can be described as follows: at
early stage of loading, the first cracks initiate at the center of
bottom face, the load in this stage is known as first crack load.
With increasing loads, cracks start to extend from the center
toward the slab edges. At the same time the cracks increase in
number and become wider. A complete failure occurred by
increasing the load and all tested slabs were failed in flexure.

(a) SCR1 (C) SCR3

(d) SCR4 _(e) SCR5
Figure (12) Mode of Failure for RSCC Group (1)

(a) SCO1

_(b) SCO2 (c) SCO3

(d) SCO4

_(e) SCO5
Figure (13) Mode of Failure for RSCC Group (ll)

Comparison between high strength RC slabs [7] and self
curing RC slabs:

The deflection of the tested slabs are inversely proportional to
the characteristic strength of concrete where high strength
concrete slabs which has a characteristic strength of 65 MPa

has recorded minimum deflection at all load stages. While self
curing reinforced concrete slabs have showed larger deflections
as shown in table (4).

The ultimate load capacity of high strength reinforced concrete
slabs is greater than the ultimate load capacity of self curing
reinforced concrete slabs. The ultimate load capacity of slabs
is proportional to the characteristic strength of concrete as
shown in figures (14) through (17).

Table (4): Comparison between high strength RC slabs [7] and self curing RC
slabs results:

Deflection at Deflection at
First First Crack . Ultimate Load
Type Concrete Group Slab Rfm Crack (mm) Ultimat (mm)
of Strength tu e Load
Slabs MPa No. Code % Load At At (kN) At At
(kN) Poin Poin Point | Point
t@w | t@ 1) (2)
HSR1 | 0.43 14 16 | 1.02 28 6.1 | 457
HSR2 | 057 16 167 | 12 32 712 | 482
Grow | spg | 072 | 16 | 124 | 0.99 32 554 | 42
2 (I
[
7
2 HSR4 | 0.87 16 1.18 | 0.85 34 6.33 47
g
8
E HSR5 | 1.08 20 188 | 13 34 502 | 421
o
S 65
=
2 HSO1 | 057 22 184 | 1.61 42 7.76 5.1
=
2
% HsO2 | 057 22 179 | 167 42 721 | 521
=
=
I
G(’I‘I’I‘;p HSO3 | 057 | 28 | 355 | 281 40 867 | 571
HSO4 | 057 28 432 | 388 40 833 | 6.98
HSO5 | 057 24 389 | 346 36 786 | 6.84
SCR1 | 043 20 21 | 126 22 966 | 7.06
SCR2 | 057 18 096 | 1.11 22 1‘;'7 12'7
8 Grow | sepg | g2 | 18 | 117 | 101 32 408 | 275
= ) 2 7
2
[
g SCR4 | 0.87 24 192 | 16 33 185‘7 1‘;8
Q
(@]
o
(3
g 50.5 SCR5 | 1.08 26 277 | 3.03 38 13'8 “12
E
& 151 | 131
o scol | 057 24 113 | 09 30 5 1
5
e 148 | 133
k= sco2 | 057 24 1.09 | 0.96 30 : :
[%] 7 1
Group
(1)
sco3 | 057 | 20 | 202 | 187 2 1‘;6 128'5
SCO4 | 057 18 709 | 5.79 24 2?3'5 1%1
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SCO5 0.57 18 1.95 2.14 24 18.7

45
 Self Curing Concrete Slabs

30
= Self Curing Concrete Slabs

W High Strength Concrete Slabs
259

o
=]

Cracking Load (kN)
s I

-
087%

0.72%
Reinforcement Ratio %

1.08%

Fig.(14)Comparison between Self Curing Reinforced Concrete Slabs and High
Strength Reinforced Concrete Slabs [7] at Cracking Load with Different
Reinforcement Ratio p%
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1 Self Curing Concrete Slabs

B High Strength Concrete Slabs
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)
=]
L

Cracking Load (kN)
>
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Fig.(15)Comparison between Self Curing Reinforced Concrete Slabs and High
Strength Reinforced Concrete Slabs [7] at Cracking Load with Different
Opening Size
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Reinforcement Ratio % Fig(1
6)Comparison between Self Curing Reinforced Concrete Slabs and High
Strength Reinforced Concrete Slabs [7] at Ultimate Load with Different

Reinforcement Ratio p%

45

 Self Curing Concrete Slabs
B High Strength Concrete Slabs

]
vl

Ultimate Load (kN)
)
=

[,
w

10 A

0 10 20 30 40
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Fig.(17)Comparison between Self Curing Reinforced Concrete Slabs and
High Strength Reinforced Concrete Slabs [7] at Ultimate Load with Different
Opening Size

V. CONCLUSIONS

Experimental results showed that the deflection proportion
inversely with reinforcement ratio.
2- It was expected that the cracking load is proportional to the
reinforcement ratio.

3-The ultimate load of self curing reinforced concrete slabs
increase by increase in reinforcement ratio.
4- The ultimate load of self curing reinforced concrete slabs
did not change with the presence of square central opening
with the side length equal 10 % of the slab side length.
5- The ultimate load decreased approximately by 26% for
opening with the side length equal 20 % of the slab side
length.
6- The ultimate load decreased by about 20% for opening with
the side length equal 30 % and 40% of the slab side length.
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7- The ultimate load capacity of slabs is proportional to the
characteristic strength of concrete.

8- The ultimate load increase in reinforcement ratio of high
strength reinforced concrete slabs by 3% up to 45% more than
self curing reinforced concrete slabs.

9- The ultimate load increase in reinforcement ratio of high
strength reinforced concrete slabs by 40% up to 66% more
than self curing reinforced concrete slabs.
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