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ABSTRACT

High strength reinforced concrete plates are commonly used for bridge decks.
fong span structures, marine platforms, and offshore structures .The reinforced
concrete flat slabs are an economical and popular structural systein, however the use
of this system is limited due to its susceptibility to shear failure .One of the practical
solutions used to increase the flat plate shear strength is to increase the concrete
strength. In this research concrete characteristic strength up to 750 kg.fem®.

In this investigation the focus will be on the effect of slab compressive strength
(silica fume content), the effect of the reinforcement ratic and the effeet of central
square opening size on the behavior of the slabs, This goal is achieved through the
studving the behavior of thirteen tested slabs.

The experimental program was carried out on thirteen reinforced concrete plate
of (120 x 120 x 7) em. resting on four supports and subjected to concentrated load.
The load was applied gradually in increments to record the first eruck load and the
faiture load, beside the deflections and the strains at each load increment.

Although it suffers more cracks than the nermal strength concrete, high strength
concrete has shown higher stiffness and less deflection . Square opening of side length
up 10 10% of the slab side did not affect the load of the siabs.

Keywords
High strength, Silica fume, Superplasticizer, Compressive strength. Flal slabs,
Deflection, Reinforcement ratio. opening size.

Introduction

Flat plates are simple structure in concept and construction consisting of a slab
of uniform thickness supported directly on columns, These slabs are mainly fail by
shear, to overcome this defect the shear sirength of these slabs are increased through
the increase of the concrete compressive strength [1-4] . The effect of the compressive
strength on the behavior of the flat slabs is focused on [5-7]. Steel reinforcement is
considered the main item in the concrete cost. The effect of reinforcement ratio on the
flat plates is researched. In many cases. openings are made in the flat slabs for
mechanical and other purposes. The effect of the opening size on the behavior of the
flat slabs is required to be found out [8]. To achieve these goals thirteen square flat
plates { 120 = 120 = 7} cm. are prepared, casted and tested. Four slabs have the same
reinforcement ratio and different silica fume content, consequently different concrete
compressive sirength. The second five slabs have the same strength but different
reinforcement ratio. The last five slabs have different central square side length
starting from zero to 40 cm.
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Experimental Program
The aun of the experimental work carried out in this study is lo investigate the
following items :

I - The effect of silica fume content on the behavior of the high strength
reinforeed concrete flat slabs, For this purpose , five square slabs

(120 x 120 x 7) em with different silica fume content as follows :

a) The first slab (NSFQ ) is of normal strength concrete.

b) The second stab ( HSF1 ) is of high strength concrete and the silica fume content is
10% by weight of the cement content .

¢) The third slab { HSF2 ) ts of high strength concrete and the silica fume content is

15% by weight of the cement content .
d) The fourth slab { HSF3 ) is of high strength concrete and the silica fume content is
20% by weight of the eement content .

Al of these slabs have the same steel reinforeement ratio { 11 =0.57% ) .

2 - The effeet of stecl reinforcement ratio on the behavior of the high strength
reinforced concrete flat slabs. For this purpose , five high strength conerete
square slabs models ( 120 x 120 x 7 ) em. having different stecl reinforcement
ratio as follows :

a ) The first slab ( HSR1 ) has a steel reinforcement ratio of (p=0.43 %) .

b ) The seeond slab { HSR2 ) has a steel reinforcement ratio of (n=0.37%) .

¢ ) The third slab ( HSR3 ) has a steel reinforcement ratio of (p=0.72%) .

d ) The fourth slab { HSR4 ) has a steel reinforcement ratio of ( u=0.87%) .

e} The filih slab ( HSR3 ) has a stee! reinforeement ratio of (u=1.08%) .

All of these slabs have the same silica fume content ( S.F. =15% ) bv weigh of the

cemeni content .

3 — The cffeet of central square open size on the behavior of the high strength
reinforced conerete flat slabs.For this purpose , five high strength concrete
square slabs models ( 120 x 120 x 7 } em. having different central opening
size as follows :

2 } The first slab ( HSO1 ) has no central opening .

b ) The seeond slab { HSO?2 ) has a central square opening size of 10 cm.

¢ ) The third slab ( HSQ3 ) has a central square opening size of 20 cm.

d ) The forth slab { HSO4 ) has a central square opening size of 30 cm.

e) The fifth slab { HSO3 ) has a central square opening size of 40 cm.

All of these slabs have the same silica fume conteni ( S.F. =13% ) by weight of the

cemeni content and steel reinforcement ratio { 1 =0.57%) .

Table (1) Details Of The Test Specimens

Series Slab | Compressive Slreng,lh.—r Stab thickness, T Reinforcement ratio

no. | no. 4’_ Kg.fem | cm. ) 1]

| NSFO 300 7 0.57 %

HSF1 750 7 0.57 %

k ‘ HSF2 650 7 0.57 %

1ISF) 50D 7 0.37 %

[THsRI 650 7 0.43%

HSR2 630 7 0.37 %

H HSR3 650 7 0.72 %

| HSR4 650 7 0.87 %

L |__HSRS 650 ] 7 1.08 %

HSO! 650 ) ki l 0.57 %

HS02 650 | t 0.57 %

i | HSO3 630 ? 0.57 %

HSO4 | 6%0 ; 7 0.57 %

HSOS | 650 _ 7 J 0.57%

*'\S - Normal Strengih,* HS - High Strength.* S.F. - Silica Fume. * R - Reinforcement, *O - Opening
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Material Used In Reinforced Concrete Slabs:
In designing and preparing the concrete mix, the material properties are as follows:

s A locally produced ordinary Portland cement { Suez Cement )

s Natural siliceous , well graded , clean , withoutl any organic matters and any
other impurities sand

s Crushed dolomite: one size of the stone were available size 1 with a nominal
maximum size of 1/2 in. (12.5 mm)

s Clean potable water had been used for mixing and curing procedures .

e Silica Fume is a by-product resuiling from the reduction of high-purity quartz
with coal or coke and wood chips in electric arc furnaces during manufacturing
of ferro-silicon alloys and silicon metal. It consists of extremely fine spherical
particles with a surface area on the order of 20,000 m*/kg, the average particie's
diameter for silica fume is about 100 times smaller than the average diameter of
cement particle.

¢ Chemical admixture ,One type of admixture was used in concrete mixes, with
trade name Sikament- 163-M , which is classified as a High Range water
reducer (HRWR) meeting the requirements of ASTM C 494{type- F ).The
admixture is a brown liquid with specific gravity of 1.2 kg./l . The dosage of the
used superplasticizer will be between approximately (.6 %- 2.5 % by weight of
cement.

Table (2) Normal Strength Concrete Mix by weight
T T

Mix proportions { Kg/ m’)

C.AF A, | WHCHS)% ’ (3/CY% ,Ar’(C*—S)%

A |
| !

Cas |
Kg/em®

Table (3 ) High Strength Concrete Mix by Weight
T T

: C W F.I\j C.A. “ S. . L .
w0 [im96 | o9 s | - [ - [z [ s [ I jf.suo_‘

| f
| WHC+S) % | (S/IO% | AHCH$)% | Cy
| | Kg/cm?

Mix proportions [ Kg / m*)

C.AJF.A.

S.

A.

|
. | LA | |
450 140 594 tl”j 45 l 12.9 2 | 283 j 10 2.61 i 750

450 LMS.S 572 1 1146 920 13.7 2 I 27 | 20 2.54 L 600

[ 450 | 139.7 587} 1174 !' 675 | 1235 2 ' 27 l 15 | 23 | ss0 ‘

I

C: Cement. W: water, F.A.: fine Aggregate, C.A.: Coarse aggregate, S: Silica Fume A: Admixture.

Concrete Mix Design
the absolute volume method was used to design the required trial mixes.

The following equation was applied:

C F.A. C.A. W
+ —+ + =im

P Pra Peoa Pw
Where (C,Pe )/ (F.A /Pra ). (C.A.Pea )and ( W, Py ) are the weight and the
specific gravity of cement , fine aggregate, coarse aggregate and waler respectively.
The absolute volumes of silica fume (S.F./Ps¢ ) and the added admixture ( A/ P )
are the added in the L.H.S. of equation .

3
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Testing Procedure
The plates were supported on four corner support . Each supporl was a cubic of

reinforced concrete of ( 10 = 10 = 10 ) cm. with four longitudinal corner bar of mild

steel {diamcter = 8 mm.). Each plate model was loaded up to failure . Fig.{( 3 ) shows

the loading system:

|- For the first and the second groups ( the effect of silica fume content . the effect of
reinforcerment ratio ) . we used one concentrated toad at the center of the plate .

2- For the third group ( the effect of the central square opening ) we used a system
consists of two intersecting steel I- beams ( S. [. B. NO. 10 ) which were used
for distributing the concentrated load applied at the intersection of the two beams
to four equal concentrated load.

Measuring Devices

Mechanical Strain Gauge :
A mechanical slrain gauge was used 1o determine the strains in the longitudinal
direction. of the plate models. One small division of the dial gauge represents a
displacement of 0.002.

Deflectometers :
Dial gauges of 0.0] mm accuracy and lotal capacity of 11mm.. were used for
deflection measurements at the bottom face of the slab.

Hydraulic Jack :
Hydraulic jack of maximum capacily 5 tons and the load is applied at the center of
the plate.

Test Results

Test results of the three groups are discussed from the view point of : deflection,
strain behavior, cracking behavior, and ultimate load. The values of detlection,
cracking load and ultimate load for tested slabs are shown in table (2)

Load — Deflection Characteristics

The load - deflection curves were obtained using dial gauges of [0 mm. In ait
specimens the deflection values were recorded in three points laying along the center
line of the plates. Figures (4) through (22) show the load - deflection relationship for
all tested plates at different points for each incremental load. and it also include
deflection comparison at difterent nodes for different plates of each groups.

It is clear from figures (18) and (19) that the deflection of the tested slabs are
inversely proportional to the characteristic Slreng,lh of concrete where the slab HSF)
which has a characteristic strength of 750 kg./cm* has recorded minimum deflection at
all foad stages while slabs NSFO, HSF2, and HSF3 have showed larger deflections as
shown in figure.

Figures (20). and (21) show the deflections of the slabs reinforced with different
reinforcement ratios. The deflection proportion inversely with reinforcement ratio.
Slab HSR! which have minimum reinforcement ratio has registered maximum
deflection while slab HSR3 with maximum reinforcement ratio has registered
minimum deflection. On the other hand the normal strength concrete slab deflects
more than high strength concrete slab although they have the same reinforcement
ratio.

For slabs with opening side length increase. the overall stiffness of the slab
decrease. consequently the deflection increase. This is clear in figure {22),



C.51 Magdy A. Tayel, Nageh N. Meleka, Khaled M. Heiza & Nubil. F. Antonious

Strain Behavior

For all the tested slabs . measurements are made 1o determine the distribution of
concrete strain. The maximum concrete strain measured for high strength concrete
slabs, and normal strength concrete slab was 0.0029 and 0.0024 respectively and thus
The concrete strains never reached the crushing strain stated in the codes . Figures
from (23) to (25) show tbe foad - max strain relatienship for each group.

Cracking behavior

First cracking load and Ultimate loads for all lested slabs are shown in figures
(26) ,(27) and (28). For group(l) high strength concrete has shown better behavior
than normal strength concrete. The cracking load for the slabs casted with high
strength concrete is always bigger than the cracking load of normal strength concrete.

For group(ll) -slabs with different reinforcement ratio- the cracking load is not
consistent with the reinforcement ratio. In case of HSRS the cracking load was bigger
than all the previous cases. It was expected that the cracking load is proportional to
the reinforcement ratio.

Crack patterns

The figures from (28) to (33} show the crack patierns recorded while load is
applied to the tested plates. It is noted that the high strength reinforced concrete plates
recorded higher cracks number than normal sirength reinforced concrete plate as
shown in this figures.

Ultimate Load

The vaiues of ultimate load compared to the cracking load for all tested slabs are
shown in figures (26) and { 27).

Group (1) of slabs ( different silica fume content ) , the second and third slabs
gave highest values of ultimate load. These specimens have the highest characteristic
strength and then the ultimate load capacily of slabs is proportional to the
characteristic strength of concrete.

For group(ll) , The increase in reinforcement ratio is accompanied by increase in
the ultimate load capacity as expected.

Slabs with opening (group IIl), In general the results were consislent. as the
opening side length increase, the ultimate load decrease.

Conclusions

o High strength concrete is more sensitive than normai strength concrete in
designing the mix, mixing procedure, casting, and curing.

» Shrinkage - reducing admixtures are recommended to reduce drying shrinkage.

Superplasticizing admixtures are capable of considerably improving the
workability and thus we can get better compaction and higher density.

e The optimum silica fume content in high - strength concrete slabs as an
replacement of the ordinary cement content (450 kg / em?) was approximately
between 10 % and 15 % .

¢ The high strength concrete slabs showed higher stiffness and consequently smaller
deflection values than normal strength concrete slabs and then the deflection of the
tested slabs are inversely proportional to the characteristic strength of concrete.
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s The cracking load for the slabs casted with high strength concrete is always bigger
than the cracking load of normal strength concrete.

o High strength concrete slabs suffer more cracks than normal strength concrete
slabs. :

e Concrete strains in the tangential direction never attained limiting strain value of
0.0035.

e Experimental results showed that The deflection proportion inversely with
reinforcement ratio.

s [t was expected that the cracking load is proportional to the reinforcement ratio.

e TFor slabs with opening side length increase. the overall stiffness of the slab
decrease, consequently the deflection increase.

+ The carrying capacities (ultimate load) of high strength concrete slabs did not
change with the presence of square central opening with the side length equal 10 %
Of the slab side length.

¢ The carrying capacity decreased approximately by 5% for opening with the side
length equal 20 % Of the slab side length.

» The carrying capacity decreased by about 17% for opening with the side length
equal 35 %of the slab side length.
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Fig. (22) Experimental Load - Deflection Comparison for plates
Of Group (I11 ) At Point {2)
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Fig.(24) Experimental Load - Max. Strain  Fig. (23) Experimental Load - Max, Strain
for Plate HSR1 for Plate HSF3
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Fig.(25) Experimental Load - Max. Strain for plate HSO3
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Fig. (27) Ultimate Loads And First Cracking Fig. (26) Ultimate Loads and First Cracking
Load For Plates Of Group (2) Load For Plates Of Group (1)



