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Abstract

This research offers an experimental and theoretical discussion for the behaviour
of two-way reinforced concrete slabs cast with reactive powder concrete. In
addition, the mechanical properties of this type of concrete (compressive
strength, splitting tensile strength, modulus of rupture and modulus of elasticity)
have been studied. The experimental work includes casting and testing twelve
slabs, nine of these slabs studying four variables: the steel fibres ratio, silica fume
content, thickness of slab and steel reinforcement ratio and the three slabs
studying the effect of opening size. The results show that increasing the silica
fume ratio from 15% to 20% causes to enhance the ultimate load by 4.81 % and
increasing the steel fibres ratio from 1% to 2% led to improve the ultimate load
by 49.39% compared to the control slabs. The results of the tests also showed
that increasing the thickness of slab from 80 to 100 mm caused in increase the
ultimate load by 43.37% besides increase the ratio of reinforcing steel from
0.00281 to 0.00507 led to enhance the ultimate load by 56.62%. The test results
of the slabs with the opening stated that the ultimate load was decreased by
increasing the size of the opening. Increasing the opening size from (300x300)
mm to (400x400) mm and (500%500) mm led to a decrease in the ultimate loads
by 10.25% and 23.07% consecutively.

Keywords: Reactive powder concrete, Silica fume, Slabs, Slab with opening,
Steel fibres.
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1. Introduction

The reinforced concrete slabs are the most popular part of the structural buildings
and are vastly utilized for multi-story buildings. Generally, the slab was designed
in order to resist the applied loads (dead and live loads) only, but recently, the
vibrations and noises of upper floors become more significant in the residential
environment [1].

Slabs can be considered as structural members in which its depth is small when
compared with their length and width. The simplest form of the slab is when
propped on two opposite sides, which primarily deflects in one direction and is
referred to as a one-way slab. When the slab propped on all four sides and its length
is fewer than twice its width, the slab can be deflecting in two directions, and the
load that applied on the slab will transfer for all four supports and is referred to as
two-way slab [2]. The two-way slab is a popular and economical structural design
system that consists of a plate of constant thickness cast monolithically with the
beams or directly on columns [3].

Furthermore, to accomplish some structural or architectural requirements such
as large spans, the slab thickness must be increased to overcome the large
deflections. By increasing the slab thickness, the concrete slab will gain more
weight and required huge columns and foundations to resist the extra loads. Thus,
the whole buildings will be consumption much more materials like concrete and
steel reinforcement that will be causing a doubled cost and decreased the possible
areas. Therefore, one of a solution to get rid of the increment in slab self-weight is
the used of reactive powder concrete which reduces the dimensions of a structural
member because of their high resistance [1].

Seliem et al. [4] made a study included many tests on reinforced concrete slabs
with openings strengthened with CFRP. Five various slabs were tested to assess the
capability of the CFRP strengthening alternatives to retrieve the flexural strength
of the slab after inserting the openings. In order to specify the most efficient system
of strengthening, three various strengthening techniques were investigated. These
systems can be comprised of externally bonded CFRP strips, near-surface mounted
CFRP strips and CFRP strips with CFRP anchors. The results exhibited that all of
the strengthening techniques improved the flexural behaviour of the slabs with
openings, however, the method of near-surface mounted showed more efficacious
results than the externally bonded method. The separation process of externally
bonding strips has been prevented by using the CFRP anchors, which enabled the
slabs to gain its ultimate flexural capacity.

Shather [5] conducted a study on simply supported two-way RC slabs
reinforced with CFRP bars with central square openings. Eleven specimens were
cast and tested in this study, nine of these specimens were reinforced with CFRP
and other two specimens reinforced with traditional reinforcement (steel
reinforcement) as a controlled specimen. The specimens were loaded by using
frame consisting of crossed arms steel members with | section (120x80) mm and
length of 950 mm. All specimens with dimensions (1050x1050%75) mm with three
different opening size (250x250, 330x330 and 500x500) mm to discuss the effect
of openings size on the flexural response of RC slabs.

The aim of this paper is to provide a theoretical and experimental study of the
behaviour of reactive powder RC slabs. This paper includes studying four variables
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on solid slab: The steel fibres ratio, silica fume content, the thickness of slab and
steel reinforcement ratio and for a slab with opening study the effect of opening
size on slab behaviour.

2. Reactive Powder Concrete

Reactive Powder Concrete (RPC) is one of the recent innovations in concrete
technology. It was developed in France in 1990 and the world’s first RPC structure
in 1997 was Sherbrook footbridge. RPC is an ultra-high-strength and high ductility
composite material with progressive mechanical properties [6]. (RPC) concrete
consists of silica-fume, steel fibres, superplasticizer, cement with too low water-
cement (w/c) ratio accompanying by the existence of quite fine sand ranging from
(0.15 - 0.6 mm) instead of the normal aggregate. The cement component of RPC is
extremely high content about 900 - 1000 kg/m?3 [7]. For this type of concrete, the
essential benefit is that it offers a significant toughness and tensile strength. There
are many other uses in the world like architectural applications where it is used for
getting appearance, texture and colour with different shapes and volumes, like the
bus shelters in USA and Martel tree in France. In addition, it can be used in
structures need lightweight and thin component like the roofs for stadiums [6].

Ridha et al. [8] studied experimentally the shear strength response of RPC
beams. In order to determine the influence of a recent cementitious matrix materials
on the shear strength of RPC beams without web reinforcement, eighteen RPC
beams were tested to failure. Many different variables were investigated: the
percentage of steel fibres content, the percentage of silica fume content, the ratio
of shear span to effective depth and the longitudinal reinforcement. Also, the results
offered that for RPC beams cast by using different ratios of silica fume content,
when silica fume content varied from 5% to 10% and 15%, the cracking load
improves by 7.14% and 21.4% while the ultimate strength improves by 6.06% and
9.09% respectively.

Nimnim et al. [9] studied the structural behaviour of reinforced reactive powder
concrete tapered beams. Five variables were discussed in this paper: The influence
of compressive strength, tensile strength, tapering ratio, shear reinforcement ratio
and tapering direction on the structural behaviour of RPC beams. The results
exhibit that the tapered beam made of RPC had a superior ultimate load as
compared with normal concrete tapered beam and the ultimate strength increase by
increasing the tapering ratio, the longitudinal and shear reinforcement ratio. In
addition, the results showed that the tapered beams offered higher value of ultimate
load compared with the prismatic beams.

3. Slab with Opening

In the slabs, openings are oftentimes wanted for electrical and mechanical services
like fire protection pipes, heating, plumbing, electrical wiring, telephone, water
supply, sewerage and ventilating. At the same time, staircases and elevators need
large size openings. Commonly, the structural influence of small openings is not
regarded due to the capability of the structure to redistribute the stresses.
Nevertheless, in case of large slab openings can hardly minimize the strength and
load-carrying capacity because of cutting out of concrete and steel reinforcement
together. This may lead to reducing the capacity to resist the applied loads [10].
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Slab having large hole if the hole edge length (L) Greater or equal to L/3 and slab
having a small hole if the hole edge length (L) less or equal to L/4 [5].

4. Experimental Program Materials

The characteristics of materials used to fabricate the specimens of slabs were
offered in this section.

4.1. Cement

Ordinary Portland cement has been used conforming to Iragi Standard
Specifications [11].

4.2. Fine aggregate

Fine sand has been used ranging between (0.15 - 0.6 mm). Its grading conformed

to Iragi Standard Specifications [12]. Table 1 shows the sieve analysis.

Table 1. Results of sieve analysis test of fine sand.

Sieve size  Accumulative
(mm) passing (%)

Limit of Iraqi Specifications [12]

4.75 100 95-100
2.36 100 95-100
1.18 100 90-100
0.600 97 80-100
0.300 40 15-50
0.15 6 0-15

4.3. Silica fume

Densified micro silica has been used conforms to limitations of ASTM C1240 [13].
One of the more important parameters of reactive powder concrete is using the
pozzolanic material, it is not only used to give extra binder but also used as a filler.

4.4, Steel fibres

Steel fibres are used in reactive powder concrete in order to enhance some
characteristics and ductility. The steel fibres utilized in this study were straight and
have properties gives in Table 2.

Table 2. Characteristics of steel fibres adopted by manufacturer.

Describing Straight
Length 13 mm
Diameter 0.2 mm
Density 7800 kg/m®
Tensile strength 2600 MPa
Aspect ratio 65
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4.5. High range water reducing admixture (HRWRA)

A high-performance concrete superplasticizer fabricated and supplied by the trade
name GLENIUM 54 was used, it is a high range water reducer and complies with
ASTM C494 [14]. The relative density is equal to 1.07 and it has PH around 5-8.

4.6. Steel reinforcement

A square mesh of BRC of 6 mm bars diameter spaced at 150 mm in two directions
was used in the entire slab specimens, except one specimen, 8 mm steel bars spaced
at 150 mm in each direction was used. The tensile test results are listed in Table 3.

Table 3. Characteristics of steel reinforcement.

Diameter Area  Perimeter Yield strength il:ér:;ﬁ
2
(mm)  (mm?)  (mm) (MPa) (MPa)
6 28.3 18.9 475 523
8 50.3 25.1 513 648

5. Concrete Mix Design

Five types of RPC mixes were used. The variables used in these mixes were steel
fibres ratio (0,1 and 2%) and silica fume ratio (10,15 and 20%). The mix type
M1,15 was adopted as a reference mix, which had 1% steel fibres and 15% silica
fume. The details of the mixes are recorded in Table 4.

Table 4. Properties of mixes.

Mi Cement Silica Silica Glenium $tee| Steel
ix 3 Sand fibres
symbol (kg/m?) (kg/m?) fume fume  wic 54 (%) fibres
(%)*  (kg/m?) ()** s (kg/m?d)
MO0,15 1000 1000 15 150 0.23 3 0 0
M1,10 1000 1000 10 100 0.23 3 1 78
M1,15 1000 1000 15 150 0.23 3 1 78
M1,20 1000 1000 20 200 0.23 3 1 78
M2,15 1000 1000 15 150 0.23 3 2 156

* as percentage of cement weight
** as a percentage of powder (cement + silica. fume) weight
*** as percentage of mix volume

6. Description of Specimens

A total of twelve reactive powder reinforced concrete square two-way slabs were
cast to discuss the structural behaviour of RPC reinforced concrete two-way slab.
The slabs dimensions were (1000x1000x%, 80, or 100 mm), the slabs were placed
on all four sides of 950 mm lines of simply supported and then loaded by the central
concentrated load with dimensions (100x100 mm) for solid slabs. For the slabs
with opening, the load was transmitted to four points by using the frame, which
consisted of cross arm steel members with I section (120x80 mm) and length 950
mm. The effective span of the slab in each direction was 950 mm.
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7. Test Variables

The variables studied in this research are divided into two main parts. A-solid slab:
Four variables are investigated for the solid slab to study the structural behaviour
of RPC two-way slabs.

o Percentage of steel fibres.

¢ Percentage of silica fume.

e Thickness of slab.

¢ Steel reinforcement ratio. The specification of these specimens gives in Table 5.

Table 5. Details of solid slab.

Slab Silica Steel
Slab . . Steel .
mark dimensions fume fibres (VF)% _ remforgement
(mm) (SF)% in each direction
SC 1000x1000x80 15 1 606 mm
SS1 1000x1000x80 10 1 66 mm
SS2 1000x1000x%80 20 1 606 mm
SS3 1000x1000%80 15 0 6@6 mm
SS4 1000x1000x%60 15 2 606 mm
SS5 1000x1000x60 15 1 6@6 mm
SS6 1000x1000x100 15 1 66 mm
SS7 1000x1000x80 15 1 0
SS8 1000x1000x80 15 1 68 mm

Slab with opening

Three sizes of central openings are investigated (300x300 mm), (400400 mm) and
(500%500 mm). The specification of these specimens gives in Table 6.

Table 6. Details of slab with opening.

Silica Steel . _Steel
Slab . Opening reinforcement
Slab . . fume fibres . . .
dimensions dimensions in each
mark (mm) (SF) (VF) (mm) direction
o) 0,
(%) (%) ()
SS9 1000x1000x80 15 1 300x300 606
SS10 1000x1000x80 15 1 400%400 606
SS11 1000%x1000x80 15 1 500x500 606

8. Control Specimens

The mechanical properties of RPC have been monitored by the control specimens
listed in Table 7.

Table 7. Details of control specimens.
Specimen dimensions

Test Specimen

(mm)
Compression Cylinder 100x200
Splitting tensile strength ~ Cylinder 100x200
Modulus of elasticity Cylinder 150x300
Modulus of rupture Prism 100x100x400
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9. Test Procedures
The aim of this section is to present the tests conducted in this research.

9.1. Compressive strength

The compression test was performed by using cylinders of (100x200 mm)
complying with the ASTM C39 [15], the results for all mixes at age twenty-eight
days are recorded in Table 8.

Table 8. Test results of control specimens for all mixes.

Splitting Modulus  Modulus

. Steel Silica Compressive .
Mix - tensile of of
type fibres fume strength strength  rupture elasticity
0] 0]
VE () SF(%)  (MPa) (MPa)  (MPa)  (GPa)
MO0,15 0 15 70 2.35 4.5 36.24
M1,15 1 15 78.2 7.42 10.82 40.25
M2,15 2 15 85.6 10.1 15.05 43.78
M1,10 1 10 74.5 7.12 8.6 39.45

9.2. Splitting tensile strength

The splitting tensile strength test was conducted on cylinders of (100200 mm) test
according to the ASTM C496 [16]. The test results at age 28 days for all mixes
shown in Table 8. To calculate splitting tensile strength, the following Eq. (1):

2P

fsp=—— @)

9.3. Modulus of rupture

The test of modulus of rupture was performed on prisms of (100x100x400 mm)
according to the ASTM C78 [17]. The test results at age 28 days for all mixes
shown in Table 8. To calculate the modulus of rupture, the following Eq. (2)
was used:

P.s
fr= Iy (2)
9.4. Modulus of elasticity

Test was conducted on cylinders of (150x300 mm) according to the ASTM C469
[18]. The test results at age 28 days for all mixes shown in Table 8. To calculate
the modulus of elasticity, the ASTM proposed Eq. (3) was used:

E = [(S; — S;)/(e; — 0.00005)]x1073 ©)

9.5. Slabs test

Before the testing, the slabs labelled and neatly placed on a steel frame, which was
designed as a supporting system (roller support on four sides). All four-support
lines were 25 mm from the slab edges, so the effective span of the slab in each
direction was 950 mm. Slab without openings was tested under central point load

Journal of Engineering Science and Technology = December 2019, Vol. 14(6)



3094 S. E. Kadhim and R. F. Makki

as exhibited in Fig. 1. while, slabs with opening the hydraulic machine transmitted
the load using steel frame, which consist of crossed arms with I-section of (120x80
mm) and length of 950 mm the crossed steel members were rested on four steel
beds of (100 mm) square by (30 mm) height as demonstrated in Fig. 2. The
monotonic load was applied in stages and the deflection was recorded each 5 kN.
The dial gauge was mounted in its marked position to touch the bottom at slab
centre. Near failure, when the slab showed a deterioration with increasing
deformation, the ultimate load was registered, and the load was removed taking
crack patterns were marked.

Slab specimen Slab specimen

Frame supported slab

Frame supported slab

>

Fig. 1. Test of solid slab. Fig. 2. Test of slab with opening.

10. Results and Discussions

The aim of this section is to present the results obtained from the tests of control
specimens and slabs specimens.

10.1. Compressive strength

The results showed that the increase in steel fibres ratio from 0 to 1% and from 1
to 2% led to increasing compressive strength by (11.7 and 22.28) %, respectively
compared to the specimen without steel fibres. The increasing of silica fume
content from 10% to 15% and from 15 to 20 % led to increasing compressive
strength by (4.96 and 8.85) % consecutively.

10.2. Splitting tensile strength

The results showed that there is a positive influence of using steel fibres on splitting
tensile strength greater than this effect on compressive strength. The increasing of
steel fibres from 0 to 1% and from 1% to 2% led to increasing splitting tensile
strength by (215.7 and 329.7) % consecutively, over that of specimens without steel
fibres. The increasing of silica fume content from 10% to 15% and from 15% to 20
% led to increasing splitting tensile strength by (4.21 and 12.35) % consecutively.
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10.3. Modulus of rupture

The test results showed that the increase of steel fibres ratio from 0 to 1% and 2%
led to increasing in the modulus of rupture by (140.44 and 234.44)%, respectively,
over that of specimens without steel fibres. The results also showed increases in
silica fume content from 10% to 15% and 20% led to increasing the modulus of
rupture by (25.81 and 45.34 %) consecutively.

10.4. Modulus of elasticity

The results showed that the increase of steel fibres ratio from 0 to 1% and 2%
causing in increase the modulus of elasticity by (11.06 and 20.80)% consecutively,
over that of specimens without steel fibres. The results also showed that the increase
in silica fume content from 10% to 15% and 20% led to increasing the modulus of
elasticity by (2.02 and 6.0 )% consecutively.

10.5. Slabs test results

The experimental results include first cracking load, ultimate load and mode of
failure as shown in Table 9. The crack patterns of these slabs are explained in Figs.
3 to 14. The geometry of numerical model is shown in Fig. 15, the load and
boundary conditions are shown in Fig. 16. Also, the comparison of load-deflection
behaviour explained in Figs. 17 to 28 respectively.

Table 9. Comparison between theoretical and experimental ultimate loads.

Specimen First cracking Experimental Theoretical Failure
load (kN) ultimate load (kN)  ultimate load (kN) mode
Sc 50 83 83.75 Flexural
SS1 85 80 83.29 Flexural
SS2 50 87 86.50 Flexural
SS3 20 46 47.70 Flexural
SS4 90 124 121 Flexural
SS5 40 66 67.11 Flexural
SS6 60 119 118.07 Flexural
SS7 35 54.5 61.22 Flexural
SS8 60 130 129.16 Flexural
SS9 40 195 214.2 Flexural
SS10 40 175 171.1 Flexural
SS11 75 150 160 Flexural

—

Fig. 3. Crack patterns of SC.
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Fig. 4. Crack patterns of SS1.
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Fig. 11. Crack patterns of SS8
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Fig. 13. Crack patterns of SS10. Fig. 14. Crack patterns of SS11.
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Fig. 15. Geometry of numerical model.
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Fig. 16. Load and boundary conditions.
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Fig. 17. Load-deflection curve of SC.  Fig. 18. Load-deflection curve of SS1.
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Fig. 19. Load-deflection curve of SS2.

Fig. 20. Load-deflection curve of SS3.
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Fig. 21. Load-deflection curve of SS4.

Fig. 22. Load-deflection curve of SS5.
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Fig. 23. Load-deflection curve of SS6.

Fig. 24. Load-deflection curve of SS7.

140
120
100
Zz 8
3 —4—Expermental
S 60 pe
—8—Numerical
40

0 2 4 6 g8 10 12 14 16
Central deflection mm

250
pli)
g 150
E 100 == Experimental
~B=Numerical
i
[, T T T T T 1
0 2 4 6 8 10 12
Central deflection (mm)

Fig. 25. Load-deflection curve of SS8.
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Fig. 26. Load-deflection curve of SS9.
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Fig. 27. Load-deflection curve of SS10.  Fig. 28. Load-deflection curve of SS11.

The control specimen (SC) with dimensions (1000x1000x80 mm) and mix type
M1,15 (VF = 1% and SF = 15%) was tested to compare with other slabs. It was
gradually loaded until the starting of cracking. The appearing of the first crack was
at load 50 kN. The cracks continued to appear in tension face with the increased
loading. The failure of the specimen was by yielding of steel bars and fibres at
ultimate load 83 kN.

Specimen (SS1) with dimensions of (1000x1000x80 mm) and mix type M1,10.
The appearing of the first crack was at load 35 kN. Specimen failure was by
yielding of steel bars and fibres at ultimate load 80 kN. The ultimate load decreased
approximately about 3.61% with respect to the control slab (SC).

For specimen SS2 with dimensions (1000x1000x80 mm) and mix type M1,20.
The appearing of the visible first crack was at load 50 kN. The cracks continued to
appear in tension face with the increased loading. The failure of the specimen was
by yielding of steel bars and fibres at ultimate load 87 kN. The ultimate load
increased approximately about 4.81% with respect to the control slab (SC).

Specimen SS3 with dimensions (1000x1000x80 mm) and mix type MO0,15. This
specimen was without steel fibres. The appearing of the first crack was early at load
20 KN, this is due to the lack of steel fibres. As the load increased the crack
continued to appear. The failure of the specimen was by yielding of steel bars and
crushing of concrete at the compression region at ultimate load 46 kN. The
comparison between this specimen and the control specimen showed that the
absence of steel fibres leads to a decrease in the ultimate load by 44.57% with
respect to the control slab SC.

The slab specimen SS4 with dimensions (1000x1000x80 mm) and mix type
M2,15, which differs from control slab by only steel fibres ratio (VF = 2%) while
the steel fibres ratio of control specimen was 1% so as to know the influence of
increasing steel fibres ratio on the behaviour of the slab. The appearing of the first
crack was delayed and appeared at load 90 kN. The cracks continued to appear in
tension face with the increased loading. The failure of the specimen was by yielding
of steel bars and fibres at ultimate load 124 kN. The comparison between this
specimen and the control specimen showed that increase in the ultimate load by
49.39% with respect to the control slab SC.

The specimen SS5 with dimensions (1000x1000x60 mm) and mix type M1,15.
This specimen differs than the control specimen by the slab thickness, it was 60
mm while that for the control specimen was 80 mm in order to know the influence
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of reducing slab thickness on the behaviour of specimens. The appearing of the first
crack was at load 40 kN. The cracks continued to appear in tension face with the
increased loading. The failure of the specimen was by yielding of steel bars and
fibres at ultimate load 66 kN. The comparison between this specimen and the
control specimen showed that a decrease in the ultimate load by 20.48% with
respect to the control slab SC.

The specimen SS6 with dimensions (1000x1000x100 mm) and mix type M1,15.
This specimen differs from the control specimen only in thickness, it has 100 mm
while the control specimen was 80 mm thickness in order to know the influence of
increasing the thickness on slab behaviour. The appearing of the first crack was at
load 60 kN. The cracks continued to appear in tension face with the increased loading.
The failure of the specimen was by yielding of steel bars and fibres at ultimate load
119 kN. The comparison between this specimen and the control specimen showed
that increase in the ultimate load by 43.37 % with respect to the control slab SC.

Slab specimen SS7 with dimensions (1000x1000x80 mm) and mix type M1,15.
This specimen was without steel reinforcing in order to know the influence of the
absence of reinforcing on the behaviour of the slab. The appearing of the first crack
was at load 35 kN. The cracks continued to appear in tension face with the increased
loading. The failure of the specimen was by yielding of steel fibres at ultimate load
54.5 kKN. The comparison between this specimen and the control specimen showed
that the absence of steel reinforcement decreases the ultimate load by 34.33% with
respect to the control slab SC.

The slab specimen SS8 with dimensions (1000x1000x80 mm) and mix type
M1,15. This specimen reinforced with steel bars have 8 mm in diameter different
from the control specimen in order to know the influence of increasing steel
reinforcing on slab behaviour. The appearing of the first crack was at load 60 kN.
The cracks continued to appear in tension face with the increased loading. The
failure of the specimen was by yielding of steel bars and fibres at ultimate load 130
kN. The results showed that increasing steel reinforcement from ¢6 mm to 8 mm
leads to increase the ultimate load by 56.62% with respect to control slab SC.

In this study, three sizes of openings were utilised to discuss the influence of
openings size on the RPC slabs behaviour. The slab specimen SS9 with dimensions
(1000x1000x80 mm) and mix type M1,15 has the opening with dimension
(300x300) mm. The appearing of the first crack was at load 40 kN. The cracks
continued to appear in tension face with the increased loading. The failure of the
specimen was at ultimate load of 195 kN.

The slab specimen SS10 with dimensions (1000x1000x80 mm) and mix type
M1,15 has opened with dimension (400x400) mm. The appearing of the first crack
was at load 40 kN. The cracks continued to appear in tension face with the increased
loading. The failure of the specimen was at ultimate load of 175 kN.

The slab specimen SS11 with dimensions (1000x1000x80 mm) and mix type
M1,15 has opened with dimension (500x500) mm. The appearing of the first crack
was at load 75 kN. The cracks continued to appear in tension face with the increased
loading. The failure load of the specimen was at 150 kN.
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11. Finite Element Method

To discuss the entirely structural response of RPC reinforced concrete slabs, a finite
element analysis has been executed to analyse experimentally tested specimens.
The analysis was conducted by using ANSYS (V.15) program. The elements used
in ANSY'S program are listed in Table 10.

Table 10. Representation of structural components used in ANSYS program.

Component Element representation  Element designation
Concrete Eight node brick element Solid 65
. Two nodes .
Steel reinforcement discrete element Link 180
Steel plate (at load application)  Eight node brick element Solid 185

11.1. Specimen model description and material

In the tested slabs, reinforced concrete is modelled using nodes and elements. In
creating the model, it is requisitely to define of the elements, real constants of the
element, material properties and the model geometry. Three elements used to
perform modelling, these elements were LINK180, SOLID65 and SOLID185 to
represent reinforcement, concrete member and steel plates at loading points,
respectively. All experimentally tested slabs modelled in the same dimension in
finite element analysis. Fig. 15 shows the model of the slab.

11.2. Load and boundary conditions representations

By advantages of the symmetry for the slab’s geometry, a quarter of the complete
model slab was used for finite element analysis to decrease the number of the used
elements, so this results in a very considerable time-saving in the analysis.

In this research, the load was applied on a steel plate on the top face of the slab.
Slabs are supported at their lower sides and constraint in the Y direction (Uy = 0)
as shown in Fig. 16, which explained also the boundary and loading condition for
solid slab and slab with openings.

12. Finite Element Results
The aim of this section is to present the results, which can be obtained from ANSYS
program for slabs specimens.

12.1. Load deflection curves

A comparison of experimental and numerical load-deflection curves for slabs are
explained in Figs. 17 to 28 respectively. The overall behaviour of load-deflection
curves represented from ANSYS program results showed a good correlation with
the curves drawn from the experimental results.

12.2. Ultimate load

The comparison of the numerical and experimental ultimate load for all slabs is
recorded in Table 9.
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12. Conclusions
The main conclusions of the present research is listed as:

o The results obtained from experimental tests showed that the increase in steel
fibres ratio and silica fume content led to increasing compressive strength,
splitting tensile strength, modulus of rupture and modulus of elasticity.

e The results showed there is a positive effect of using steel fibres on splitting
tensile strength, modulus of rupture and modulus of elasticity greater than
these effect on compressive strength.

e The experimental tests results appeared that the increase in steel fibres ratio to
2% led to increasing ultimate failure load by 49.39% as compared to the
control slab.

o The experimental tests result expressly indicate that the change in the ratio of
silica fume has little effect compared to the influence of steel fibres ratio. The
increasing of silica fume ratio to 20% leads to increase ultimate by 4.81% as
compared to the control slab.

e The experimental tests showed that the increase in steel reinforcement which
performed by using bars of diameter ¢8 instead of ¢6 mm led to increasing
ultimate failure load by 56.62%.

e The results showed that the increase of slab thickness from 80 to 100 mm led
to an increase in ultimate load by 43.37%.

¢ The results indicated that the ultimate failure load was decreased by increasing
the size of the openings. Increasing the opening size from (300x300) mm to
(400%400) mm and (500x500) mm led to decrease ultimate loads by 10.25%
and 23.07% consecutively.

e The overall behaviour of load-deflection curves obtained from ANSYS
program showed a good correlation with the curves drawn from the
experimental results.

e When comparing the results of the experimental tests and theoretical side, the
maximum difference in the ultimate load was about 9.8% for tested and
analysed slabs.

o A final load, the crack patterns from the finite element models had a good
coincide with the noticed failure of the experimental results.

Nomenclatures

b Width of specimen, mm

D. Diameter of cylinder, mm

E Static modulus of elasticity, GPa
€2 Longitudinal strain produced by stress S
fr Modulus of rupture, MPa

fsp Splitting tensile strength, MPa

h Depth of specimen, mm

L Length of cylinder, mm

Is Length of span, mm

P Maximum applied load, N
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PH Power of hydrogen

S1 Stress congruent to 40% of ultimate load, MPa

Sz Stress congruent to a longitudinal strain (5 x 10°), MPa
SF Silica fume

VF Steel fibres

Greek Symbols
T Constant ratio = 22/7

Abbreviations

ASTM American Society for Testing and Materials
CFRP Carbon Fibre Reinforced Polymers

RC Reinforced Concrete

RPC Reactive Powder Concrete
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