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ABSTRACT

This paper presentsan experimental and numerical investigation of the local metakaolin
effect on the behavior of reinforced concrete slabs as a partial substitute for cement in
concrete.This was achieved by activating Metakaolin at 700 degrees C.We utilized various
contain percentages as (0 —5-10-15-20-25) %,of local metakaolin (MK) at the water-
cement ratio of 0.55.We have replaced each amount of the cement with thesame amount of
Metakaolin and produced 6 cubes (15cm*15cm*15cm) from each one.These cubes are then
utilized for mechanical testing. The samples were subjected to compressive strength,
indirect tensile strength, and water sorptivity testing. The mechanical test revealed that the
strength of concrete grew from 5% to 15% replacement ,peaked at15%,then subsequently
fell below this amount.When the additive Metakaolin (MK) is used in the optimal amount,
the test results show that it tends to increase the strength of the concrete mix when
compared to standard concrete.the optimum result of the reinforced concrete slab had been
applied using the finite element approach as we use these results experimentally (Ansys).

KEYWORDS: Metakaolin, Strength, Ansys, Mechanical tests, Pozzolanic materials,
Cementing materials, concrete slab.
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1- INTRODUCTION: -

Numerous research projects are being conducted worldwide for cement substitute
materials as a result of the ongoing rise in cement prices and the impact of air pollution that
occurs during cement production. It has been researched use fly ash, corn cob ash, great nut
shell ash, rice husk ash, and corn cob ash as additional materials to replace some of the cement
used in construction. Recently, the utilization of various pozzolanic materials such as clay,
kaolin, and industrial waste has come to light (like slag, silica fume, etc.).

According to these studies, using Metakaolin in place of some of the cement increases
the compressive strength of concrete. Some researchers performed studies on the effect of the
combination of Silica Fume and Metakaolin showed that compressive strength and workability
are improved. In comparison to the reference mixture, other investigations on porosity, water
permeability, and chloride penetrability were assessed [2]. They discovered that the addition
of Metakaolin increased the concrete's durability but had no effect on its water permeability
[4]. Another study looked at the usage of Metakaolin 25% as a cement replacement in six
different types of concrete, ranging from quick release to self-compacting to high-performance.
They found that the permeability and penetration of chloride are reduced and strength is
increased in concrete so this improves the performance of concrete using Metakaolin
replacement by weight of the cement. It will be at a level of 20% [1,3,5,6,7, 8].

Many researchers have been studying the structural behavior in reinforced concrete
as a partial substitute for cement in concrete with different percentages, some researchers
indicate the percentages from (5% to 35%) and others from (0% to 15%).[9]

There are researches show that the optimum behavior of Metakaolin percentage was
20% and another was 15%, then decreases below these percentages. Some studies that made
a mixture of Metakaolin and another addition, such as, Limestone and Fly Ash.[12] They also
made these studies of Metakaolin partial replacement with cement in different percentages.
Some researchers give better mechanical properties at 7 and 28 days such as compressive
strength and flexural strength while other researchers give better results at 7,28,90,180 such
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as water penetration, sorptivity, salt bonding, and electrical resistivity. All of the research
confirmed that the use of Metakaolin gives high resistance and durability [10,11,13,14].

The impact of Metakaolin and Fly Ash on the strength and durability of concrete was
studied. Several techniques, including concrete resistivity, oxygen permeability, and water
absorption, were used to assess the durability. It was found that utilizing 15% Fly Ash and
15% Metakaolin replacement is beneficial, but that employing 30% Fly Ash replacement
leads to a substantially early drop in compressive strength when compared to a reference mix
of 100% Portland cement [15].

Using finite element analysis, reinforced concrete beam flexural behavior has been
studied. The validity of the Ansys analysis was found to be satisfactory when compared to
the theoretical conclusions of the elastic analysis. The tiny disparity in findings could be due
to a modeling error, such as failing to remove the amount of the mild-steel reinforcement
from the concrete volume [16].

At high temperatures, the performance of Fly Ash (FA) and Metakaolin (MK) mortar
was evaluated. The partial substitution of cement with (MK) from 5% to 20%, (FA) from
20% to 60%, and temperatures ranging from 270°C to 800°C was studied. Scanning Electron
Microscope (SEM) images were used for qualitative examination of the microstructure of
heated and unheated mortar, while Image Pro-plus software was used for quantitative analysis
of (SEM) photos. Compressive strength is reduced but charge passing increased for all blends
as temperature increased from 270C to 800 OC, with considerable strength and durability loss
occurring beyond 4000°C, which was regarded as threshold point for degradation [17].

As a partial replacement for cement in concrete with a range of percentages from 5%
to 35% is applied, the structural behavior of the concrete structure infused with metakaolin
has been examined .Concrete made with Metakaolin outperformed the control sample at all
replacement percentages, according to the mechanical test, which showed that concrete
strength increased from 5% to 20%, peaked at 20%, then decreased below this value. The
chemical analysis results showed that Metakaolin is a class "N" pozzolan, which explains
why it outperformed the control sample [18].

At various levels, the durability of self-compacting concrete containing metakaolin
(the cement that metakaolin replaces) has been assessed. In comparison to a reference
mixture, porosity, water permeability, and chloride penetrability were assessed. The addition
of Metakaolin increased the concrete's durability but didn’t affection its water permeability
[19].

The most current subject of study in concrete elements is the usage of Nano-concrete
(NC). As a result, this study was carried out to investigate the flexural behavior of nano-
concrete beams. The impact of employing glass fiber reinforcement bars (GFRP) on concrete
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strain, crack patterns, number of cracks, and mode of failure was investigated. The results
showed improved concordance between experimental and analytical data [20].

Several attempts have been made to improve the mechanical qualities of heavy weight
concrete for radiation shielding, good workability, high durability, moderate compressive and
tensile strengths, strong crack resistance, low permeability, and low shrinkage. Six mixes were
constructed in this investigation employing magnetite coarse and fine aggregate with a
replacement of cement. The testing results showed that the magnetite aggregate mix with 3%
polyethylene improved mechanical properties over similar concrete mixes; nevertheless, the
compressive strength of magnetite with 15% rice was lower [21].

Geopolymer concrete (GC) is a large type that is made by using metakaolin ground
granulated blast furnace slag (GGBS), silica fumes, fly ash, and other cementitious materials
as binding elements. Under axial compression loading, nine geopolymer ferrocement columns
with diameters of 150 mm 150 mm 1600 mm and varied volume-fraction and layers, as well
as a number of metallic and nonmetallic meshes, were tested until failure. The performance of
the geopolymer columns was investigated in terms of mid-span deflection, ultimate failure
load, and first crack load with different phases of loading, the cracking patterns, energy
absorption and ductility index [22].

2-EXPERIEMNTAL PROGRAM FOR METAKOLIN PERCENTAGES:
DETAILS MODELS:

In this research, different percentages of Metakaolin were used as a partial
replacement of cement by weight with (0, 5, 10, 15, 20, and 25%). In addition to that, two
cement content were used which are 250 and 350 kg/m?. Fresh concrete mixes properties
were determined

by slump test while hardened concrete mixes were determined by compressive strength,
indirect tensile strength, and water sorptivity tests.

- The experimental program was divided into five groups: -

1. In the 1st group, two concrete mixes, different in cement content, with 0%
Metakaolin were cast. These 12 cubes (150*150*150 mm?) were prepared to perform a
compressive strength test after 7 and 28 days as per ASTM C 39. While the standardized
slump test described in ASTM C-143 is used to determine the workability of concrete
mixtures in their fresh condition measurements, then the control mix was chosen according
to its workability and strength.

2. In the 2nd group, five concrete mixes, different in cement content, with
(5,10,15,20,25) % Metakaolin were cast. There were 60 cubes (150*150*150 mm?) prepared
to perform a compressive strength test after 7 and 28 days as per ASTM C 39. While the
standardized slump test described in ASTM C-143 is used to determine the workability of

808
JAUES, 18, 69, 2023



STUDY THE EFFECT OF LOCAL METAKAOLIN ON THE BEHAVIOR OF
REINFORCED CONCRETE SLAB EXPERIMENTALLY AND NUMERICALLY

concrete mixtures in their fresh state, then the control mix was chosen according to its
workability and strength.

3. Inthe 3rd group, six concrete mixes, different in cement content, with (0,5,10,15,20
and 25)% Metakaolin were cast. There were 36 cubes (100*100*100 mm?®) prepared to
perform an indirect tensile strength test after 28 days.

4. In the 4th group, six concrete mixes, different in cement content, with (0, 5, 10, 15,
20, and 25) % Metakaolin were cast. These 12 cubes (70*70*30 mm?) were prepared to
perform asorptivity test after 28 days.

5. Finally in the 5th group, two concrete mixes, different in cement content, with (0
and 15) % Metakaolin were cast. There were four slabs with dimensions (1000*1000*100
mm) were prepared and tested after 28 days.

2.1 Materials: -

2.1.1 Cement:
The cement used in this investigation is of type I, which has chemical and mechanical
properties as listed in Table 1.

Tablel: Ordinary Portland cement properties

Element | SiO2 | Al203| Fe203| CcaO | MgO | SOz | NaO | K20 | L.O.l

Cement | 20.13| 5.32 361 | 61.63| 239 | 287] 037 [0.13 | 1.96

Property Result
Compressive strength (3-days) 156.6 kg/cm?
Compressive strength (7-days) 195.7 kglcm?
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2.1.2 Metakaolin:

Industrial Metakaolin was used as incorporating material. The Chemical composition
&physical properties of Metakaolin are reported in Table 2.

Table 2:Metakaolin chemical composition & physical properties

Chemical composition Physical properties
SiO; 50% Brightness(RY) (DIN 6174) 82 % min
Al203 31.2% Whiteness (DIN 6174) 83.5 % min
Fe.03 0.90% Color gray
TiO: 0.03% Yellowness index 5.6 max
CaOo 0.15% Hardness (Mohs) 2-2.5 Mohs
MgO 0.60% Density 2.55 ¢/100g
K20 0.10% Ph (iso787/9) 8.9 max
Na.O 0.30% Oil absorption (iso 787/5) 40+ 1 g/100g
L.O.l 23.89% Specific gravity g/cm 2.60
Surface area m? /g 8

2.1.3 Fine aggregate:

As fine aggregate, natural clean sand that was readily available, had a fineness modulus
of 2.25, a specific gravity of 2.58 g/cm3, and a particle size less than 0.5 mm.

2.1.4 Coarse aggregate:

Clean Crushed dolomite with a specific gravity of 2.96g/cm3 and a maximum particle
size of 12 mm was used as coarse aggregate. Utilize a sieve while analyzing coarse aggregates.
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2.1.5 Water:

The mixture was prepared using potable water. The water supply network system
provided this water. The water utilized did not include any organic materials or suspended
particulates that would have affected how fresh and hardened concrete behaved.

2.1.6 Super plasticizer:

- In this experimental program ARACO SP 122, a superplasticizer for highly effective
water, reducing agent, and production of high-quality concrete were used.

- The Experimental dosage is 2.5% by weight of cement.

- The properties of superplasticizer are shown in Table 3.3

Table3: Properties of superplasticizer

Density 1.2+0.005 KG\ L (ASTM C494)
Color Black Liquid
Recommended Dosage 0.5-2.7 % by weight of cement

2.2 Equipment:
2.2.1The standard sieves:

The sieves used for particle size distribution were carried out using sieves of mesh
opening. The Sieves used for fine aggregate were as follows (9.5, 4.75, 2.36, 1.18, 0.60, 0.30,
0.15, 0.075 mm) while Sieves used for coarse aggregate were as follows (37.5, 20, 14, 10, 5,
2.36 mm).

2.2.2 Mixer:

To create concrete, cement, water, and material like sand or gravel were blended
uniformly in a concrete mixer. A rotating drum is typically used in a concrete mixer to mix
the ingredients. Portable concrete mixers are frequently utilized for smaller volume projects
so that the concrete can be prepared on the job site, allowing the workers plenty of time to
use it before it hardens. Concrete can be mixed by hand as an alternative to machinery.
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2.3 Testing Methods:
2.3.1 Slump cone:

A cone has a height of 30 cm, a bottom diameter of 20 cm, and a top diameter of 10
cm. The tamping rod is of steel 16 mm in diameter and 60 cm long and rounded at one end.

2.3.2 Standardcube test concrete:

Cubes having a dimension of (15 cm*15 cm*15cm) were used for the compressive
strength test.

2.3.3 Oven:

The oven was used for drying the sample at a temperature of 70°Cfor 4 days and then
left to cool for 24 hours to prepare the samples for the sorptivity test.

2.3.4 Curing tank:
The samples were demolded and cured in water for test day at a temperature of 20°C.
2.3.5 Universal testing machine:

A universal testing machine of 500 KN capacity in tension & 2000 KN capacity in
compression was used for the mechanical characterization of investigated samples.

2.3.6 Strain rate calculation:
It is a tool that is used for measuring the strain on concrete.
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2.4 Experimental Procedure:

@creteMixD
()= =

@ 20%, 15%, 10%, 5%,0> Q 20% , 15%, 10%, 5%,0>

Tests

Workability Indirect tensile strength

Compressive Sorptivity test

2.5- Effect of Metakaolin Ratio on the Behavior of Reinforced Concrete

Slabs Experimentally and Numerically Program: -

1.0
- Model Dim ' = S L0 1]

o i =

Figure 1: Model with Dimension
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Figure 2: Model in 3D Figure 3: Preparing Model for Test

- After reaching the optimum percentage of Metakaolin replacement by weight with
cement.

Prepare two slabs from two cement content, one slab with control mix zero Metakaolin and the
other with 15% Metakaolin replacement by cement weight and test the models in the lab, then
make the same for the four models and simulate on finite element Ansys 17.0 after comparing
with the results experimentally and by finite element.

3- RESULTS &DISCUSSIONS:

3.1- Workability Test:-

Table 4 illustrates the workability of concrete with partial cement replacement by
Metakaolin in percentages ranging from 5% to 25% in 5% increments. Workability diminishes
as Metakaolin content in concrete increases.

Table 4: Results of workability of concrete mixture

Slump value (cm
MIX p (cm) 20
cc 250 cc 350 %
0% 17 19
10
5% 14 17
5
10% 12 16
0
15% 11 13 0% 5% 0%  15%  20%  25%
20% 9 13
® Slump value (cm) cc 250 ® Slump value (cm) cc 350
25% 9 10

Figure 4: workability of concrete mix
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- The experimental result shows that when Metakaolin in concrete increases workability

decreases.

3.2 - Compressive Strength: -

Results of a test using (0 - 25%) Metakaolin on hardened concrete for 7 and 28 days
are shown in Table 5.

The results demonstrate that as curing time increases, compressive strength

increases.

The compressive strength of the specimens with various percentages of Metakaolin
asa replacement for cement increased as compared to the control mix. At 7 and 28 days,
the compressive strength test was conducted.

It was found that the use of a percentage of cement with Metakaolin leads to early
resistance, and that the use of Metakaolin as an alternative to cement weight gives an increase
in resistance at a rate of 25.2% to 36.7% in cement content 250 Kg/m3, and give an increase in
resistant at rate 17. 2% to 25.3% in cement content 350 Kg/m3.

The results indicate that the maximum strength was achieved at 15% replacement for

all test ages and decreased below this percentage.

Table 5: Results of compressive strength test

CC350 MIX CC250
7 days 28 days 7 days 28 days
21.7 39.5 0% 22.1 34.5
29.6 39.6 5% 28.3 39.3
32.6 43.6 10% 29.1 40.2
34.7 46.3 15% 30.2 43.2
25.1 39.1 20% 24 32.8
23.6 32.8 25% 19.1 25.9

Variation Of Compressive Strength With Metakaolin

& wn
o o

w
o

[y
=)

o

Compressive strength n/mm2
N
o

Figure 5: Compressive Strength
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3.3 In Direct Tensile Strength:-

Table 6 gives the results of the tensile strength test conducted on hardened concrete
with (0 — 25) % Metakaolin at the age of 28 days.

Tensile strength measurements revealed that concrete using Metakaolin as a bonding

agent is much stronger than concrete using only Portland cement.

After 28 days and the addition of Metakaolin in place of cement, the maximum tensile
strength of concrete was discovered to be 15

Table 6: Results of tensile strength

250 350
Tensile Mix Tensile
Load(KN) Load(KN)
Strength(N/mm:) Strength(N/mm:)
2.52 40 0% 43.5 2.74
2.62 415 5% 46.5 2.93
2.71 43 10% 49.5 3.12
2.81 44.5 15% 515 3.25
2.45 39 20% 44 2.77
1.89 30 25% 39.5 2.39
816
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3.4 SorptivityTest:-

Water sorptivity (capillary water absorption test) was determined for control mix and
15% Metakaolin replacement of cement at 28 days as shown in the figures for the two cement

content.

For each mix, the volume of water penetrated per unit area in mm(i) was plotted versus
the square root of the elapsed time in a minute (time 0.5)

Equation :S= i Vtim

S= sorptivity in(mm/min®®) i= volume of water penetrated per unit area in(mm)
P .
@ y = 0.0666x+ 0.1121
© : RT=09204 24 §
3 08 5
kS g 06 g
<
g = ¢ Mix0-250 3
©° 024 z
> .
il 0 &
0 5 10 15 0 5 10 15
+Time (min0.5) vTime (min0.5)
Figure 6 : Result of Sorptivity Figure 7 : Result of Sorptivity
test for mix (0 — 250) test for mix (15 — 250)
16 14
3 14 A=A A g 12 = *
g 12 Ro09106 o0 g R® = 0.9009
5 3 os 2 2B as
!(. . = 5 =Y P 06 PN
g =06 y E= i
= o4 - ) - z %
l>Ol =5 4\} 9 Mix 0 - 350 > 0.2 ¢ Mix 15 - 350
- 0 < — o
0 5 10 15 0 5 10 15
VTime (min0.5) VvTime (min0.5)
Figure 8: Result of Sorptivity Figure 9: Result of Sorptivity
test for mix (0 — 350) test for mix (15 — 350)
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4- Result ( Ansys And Experimental ):
Analysis of slab models :-

The result of Failure load of slab experimentally (lab) and theoretically (Ansys)
Table 7.

The result of Crack loads is shown in Table 8.

Table 7:Compare between failure load of the slab experimentally (lab) and theoretically (Ansys)

Experimental REUTD [BERTE
MIX OF FaFi)Iure load Theoretical failure experimental
CONCRETE (TON) load (TON) &theoretical
failure load (%)
s1 (0 % - 350) 8.2 9 91.1
s2 (15 % - 350) 9.1 10.05 90.5
s3 (0 % -250) 7.7 8.4 91.6
s4 (15 % -250) 8 9.315 85.9

Table8: Crack load of slab experimentally (lab) and theoretically (Ansys)

Crack load Crack load from
Mix Experimentally (Ton) Ansys (Ton)
s1 (0 % - 350) 5.7 4.7
s2 (15 % - 350) 6.4 5.5
53 (0 % -250) 4.6 3.9
s3 (15 % -250) 5.9 4.7

When compared to the control mix, the experimental results reveal that models that
use 15% Metakaolin as a cement substitute have higher tensile strengths. It takes 28 days to
get the test's results.

It was found that the use of a percentage of cement with Metakaolin leads to an
increase in the value of the crack load, and also the use of Metakaolin as an alternative to
cement weight gives an increase in failure load.
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Table8: Failure load and crack load (lab) and theoretically (Ansys)

EXPERIMENTAL ANSYS
Mix : .
Fall(ti(r)?];oad crack load(ton ) il I(li(r)i;oad crack load (ton)
s1 (0%-350) 8.2 5.7 9 47
s2 (15%-350) 9.1 6.4 10.05 5.5
s3( 0%-250) 7.7 46 8.4 3.9
s4(15%-350) 8 5.9 9.135 47

Shape for crack:

stre=

1
CRACTS 360 CHEEHE ey
A

=43
TIHE=. 1062467

Figure 10 : crack (0-250) by Ansys

Figure 12: crack (15-250) by Ansys Figure 13 : crack (15-250) by Experimental
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1
s s ¢ ey ANSYS
i 3844 RI7D
B =3t b L 26
TIME=. 1EE407 Y [V 1818
L e
oo
e |
i
L L
A =
: % ‘
LIRS TN
A K
LTEIITILL
N %
X 4
- :
[ TTEITEIELTT
: i
i &
1 4
.
- u 7
H I LLLTE I
o
Capsrete lab 517 330 by 7 Sl - Gaed caly ot

Figure 14 : crack (0-350) by Ansys

1
CHALTS 4D

=L

38 =15

TIeE=. 1387

k|

Concrete Slab 53 - 350 &y / cad - cmment 89% end etabaolin 15%

ANSYS
k7

WL 2 BT
LB

Figure 16 : crack (0-350) by Ansys

Figure 17 : crack (0-350) by Experimental
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Value of strain on concrete:

Strain Concrete values were calculated from the top and bottom of the concrete slab
These figures show the strain values on the concrete slabs at the tested values from

(0-250),(15-250), (0-350) and (15-350).

=)
g g
i3 wsfuestrain-01-st = == strain-01-st
o snffien strain-02-c - anfifen strain-02-c
-1000 0 1000 2000 -1000 0 1000 2000
STRAIN STRAIN
Figure 18 : strain (0-250) by Experimental Figure 19 : strain (15 -250) by Experimental
10

9

8
P =
5 g

5
= 4 . ® wsdues strain-01-st
© 3 @ strain-01-st 2
m -
° i @ strain-02c i D2-<
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4.1 Deflection analysis:-

- By using the data which is obtained from the finite element analysis (Ansys 17.0)
for the slabs, it was concluded that increasing in values of load increases the value of
deflection as shown in figures (9 to 12).

- And note that when the cement content increases, the value of the deflection
decreases as shown in Table9.

- Also note that in the case of adding Metakaolin as a replacement material with
cement it shows that its value of deflection decreases as shown in table 9.

Deflection of slabs:-

The exerted weight is only transferred in one direction using one-way slabs. Only the
two opposite sides, as seen in Figure (1-a), may be supported. which essentially has a one-
way structural action. The loads are carried perpendicular to the wall or supporting beams.

However, rectangular slabs frequently have such dimensions (for instance, rather
deep, stiff monolithic concrete beams), which cause two-way action as depicted in figure (1-
b). As the curves in both directions produce biaxial bending moments, they can occur
anywhere. It is useful to conceive of these slabs as being made up of two sets of parallel
strips, one in each direction, that cross each other. Therefore, one pair carries a portion of the
load while the other is responsible for the remainder. [ 23,24,25 ]

(a) (b)
Fig 1.1. (a) load transfer in Fig 1.1. (b) load transfer in
one-way slab (Nilson) two-way slab (Nilson)
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A rectangular plate with spans la and Ib is depicted in Fig. 1.1(b) as two center strips.
Each strip behaves roughly like a single beam that is uniformly loaded by its proportion of w;
Wa; and wy for uniformly distributed loads of w per square foot of the slab. Their midspan

deflection must be the same because they are both a part of the same slab. center deflection of
the short and long strips being equal

5Wa la* /384El =5wp Ip* /384EI — wamp= (Ib/la)* ... ... (1.2

The load is therefore distributed more heavily in the shorter route. Inversely proportional
to the fourth power of the ratio of the span is the ratio of the two halves of the load. For instance,
wa/wb = 16 if Ib/la = 2,

Because the maximum midspan deflection is (wl4 /192EI) for hinged-fixed ends and
(wl4 / 384El) for fixed-fixed ends, this proportion also depends on the support conditions in
each direction. Thus, if Ib/la =2, the span la is simply supported, and around 14% of the weight
is carried by the hinged-fixed span Ib and 24% by the fixed-fixed span Ib, respectively. In
contrast, if the square slab is supported by Ib, however, the slab is simply supported.

Ip /lz=1; therefore EQ.(1.1) — Wa=Wb =W/2 ..ottt (1.2)
Therefore, if just bending exists, each slab's maximum bending moment would be

Munax= (W/2) 1218 Z0.0625 WIE ...\ (1.3)

Table 9: Max Load — Max Deflection

Model Max Load (ton) Max Deflection (mm)
Mix (0-250) 8.4 34
Mix (0-350) 9 29.5
Mix (15-250) 9.3 25
Mix (15-350) 10.05 18
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Figure 27: Deflection from Ansys
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Figure 28: Deflection from Experimental

(Mix 15 -350)

Figure 29 : Deflection from Ansys

(Mix 15 - 350)

By using the data obtained from the finite element analysis (Ansys 17.0) of the slabs
and laboratory data, it was concluded that increasing the load values increases the deflection
value. This is shown as Figures (22 and 23 ) ,(26 and 27 ) which are mixtures without addition.

4.2 Shape of Ansys Results: -

The Reinforced concrete slab was modeled by finite element method (ANSYS) V. 17.0
from ANSYS the different total deformation forms (0% - 250) and (15% -250) (fig 30, 31);

(0% - 350) and (15% - 350) (fig ,32,33)

And also, is the same strain and stress as we will see in (fig ,34,35,36,37,38,39,40,41)

respectively.
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Figure 30: Displacement Figure 31: Displacement Figure 32: Displacement slab

slab (0%-250) slab (15%-250) (0%6-350)

Figure 35: Strain

. . Figure 34: Strain slab
Figure 33: Displacement slab (15%0-250)

0%-250
slab(15%-350) (096-250)

Figure36: Strain slab Figure 37: Strain slab Figure 38: Stress

(0 %-350) (15%-350) Slab(0%-250)

. Figure 40: Stress slab Figure 41: Stress
Figure39: Stress slab
(15%-250) slab (15 %-250)
(15%-250)
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5. Conclusions:

In the research, a reinforced concrete slab was analyzed using the finite element
method.
The size of the load, the load-deflection, the stress, and the presence of cracks are the
characteristics considered in this study. The following deductions can be made once the
model has been assembled and examined:
1- The use of Metakaolin as a substitution of a percentage of the weight of the cement gives
an increase in the resistance by a rate ranging from 17.22% to 25.2%.
2- The use of Metakaolin substitution in low resistors gives a better improvement rate than
in high resistances
3- When compared to normal concrete, concrete that contains metakaolin significantly boosts
compressive and flexural strength.
4- The workability of concrete decreases as the proportion of Metakaolin in concrete rises.
5- The strength of concrete rises with the addition of Metakaolin, up to 15% cement
replacement.
6- The workability of concrete reduces as the percentage of Metakaolin powder in concrete
increases.
7- The use of replacing a percentage of cement with Met kaolin results in early resistance.
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