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The effect of Minoodasht region calcined clay of Golestan province and silica fume
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ABSTRACT: In this research, calcined clay was used as pozzolan, first the soil was heated to 700
degrees Celsius to be calcined, then it was replaced with cement with lime powder. In this research, 10
mixed designs were used in 2 ratios of w/c, 0.35, and 0.4. In each proportion of clay at 0, 10, and 20%,
limestone powder at 0, 30, and 20%, respectively, and microsilica along with the combination of soil and
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lime at 0 and 7% by weight as powder materials were replaced by cement. To check the properties of ~ Available Online: Oct. 03, 2024

the prepared soil, XRF and XRD tests were performed on it. To investigate and analyze the mechanical
properties of concrete from compressive strength tests on 10 cm cube samples at 4 ages of 3, 7, 28, and
90 days, tensile strength on cylindrical samples and flexural strength on prismatic samples at 28 years
of age. Fasting was used. Over time and reaching the age of 90 days, designs containing 20% calcined
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clay and 20% lime Mix3 and Mix8 have more resistance in pozzolanic designs and are introduced as

optimal pozzolanic designs.
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1- Introduction

Cement and concrete are essential for the infrastructure
of the modern world, no other material can satisfy the ever-
increasing demand for structural materials with the same low
environmental impact. The wide availability and low price of
cement has made it the most widely used material on earth,
which with reinforced concrete includes more than half of the
factory production that humans produce. This large volume
of cement and concrete production includes about 5-8% of
CO, emissions caused by human activity[1]. Pozzolan is a
material with the combination of ALLO, and SiO,, which does
not have cement value by itself, but if it is fine crystal or
amorphous, it will have cement properties in the vicinity
of lime water. This silicon or silicon-aluminum material
reacts with calcium hydroxide caused by cement hydration
in the presence of moisture and produces cement products
[2]. Substituting 5 to 20% of calcined kaolin (metakaolin)
instead of cement in concrere increased its compressive,
tensile, and bending strength, and at the replacement of
15%, the compressive strength became optimal [3]. Since
the replacement of metakaolin as a part of cement improved
the mechanical properties of concrete, the researchers
concluded that there are three effective factors in improving
the mechanical properties and durability of concrete: filler
effect, acceleration of cement hydration (in high degrees),
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and the pozzolanic reaction of metakaolin with calcium
hydroxide4,5] ]. The effect of metakaolin on improving the
tensile strength of concrete is greater, also, the replacement
of metakaolin in concrete has increased the flexural strength
of concrete compared to the control sample in low water-to-
cement ratios [5]. Due to the filling effect, acceleration of
hydration, and pozzolanic reaction with CH in the form of
C-S-H, metakaolin increases the compressive strength of
concrete, reduces permeability and porosity, and improves the
pore structure [6]. In more recent studies based on different
percentages of metakaolin in calcined clay, it was observed
that the higher the amount of metakaolin in calcined clay,
the more compressive strength concrete samples made with
it[7]. The results of research on 4 types of LC3 concrete that
were made using two types of soil and two types of lime, 30%
calcined clay and 15% limestone powder were replaced by
cement and were made in two water-to-cement ratios of 0.475
and 0.5. It shows that their compressive, tensile, and bending
resistances are also high and they have performed well[8].

2- Materials and methods

The characteristics of the chemical composition of cement
materials including cement, clay, and limestone powder used
in this research are given in Table 1. The calcination process
of clay including kaolinite occurs at a temperature between
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Table 1. Characteristics of chemical compounds of cement materials

%Weight SiO2  ADLOs; FexO3 Ca0 MgO SO; KoO NaxO  FreeCaO IR LOI  Total
Cement 20.8 5.2 3.65 621 1.8 25 055 0.3 1.2 0.3 1.5 99.9
Silica fume  93.95 0.9 0.8 1 1.25 0.06 0.25 0.4 1 99.61
Clay 57.6 17.7 5.6 6.3 33 0.03 9.68  99.67
Limestone 5.6 0.05 51.7 1.4 41.15 99.9
Table 2. Specifications of the concrete mix design made in the research
Lime Silica  Coarse Fine Free . Silica
Mix Design ~ wic Co/ement (i/lay stone  Fume  Agg Agg Water iemegt Ckla/y 3 Lkm;es;oe Fume
° ° % % (kg/m3) (kgim3) (kgm3) <&m3)  (kegmd) kgm3) o0q
COLO 0.35 100 0 0 0 744 1116 140 400 0 0 0
C10L30 0.35 60 10 30 0 744 1116 140 240 40 120 0
C20L20 0.35 60 20 20 0 744 1116 140 240 80 80 0
C10L30SF7 0.35 55.8 10 30 4.2 744 1116 140 223.2 40 120 16.8
C20L20SF7 0.35 55.8 20 20 4.2 744 1116 140 223.2 80 80 16.8
COLO 0.4 100 0 0 0 736 1104 160 400 0 0 0
C10L30 0.4 60 10 30 0 736 1104 160 240 40 120 0
C20L20 0.4 60 20 20 0 736 1104 160 240 80 80 0
C10L30SF7 0.4 55.8 10 30 4.2 736 1104 160 223.2 40 120 16.8
C20L20SF7 0.4 55.8 20 20 4.2 736 1104 160 223.2 80 80 16.8

550 and 900 degrees Celsius, which results in the production
of an amorphous silica compound called metakaolin, which
is an aluminosilicate pozzolan, and this reaction is shown in
formula 1 [9].

ALSiOs(OH)s ———»  AL03.2Si02 +2H0 (1)

3- Results and Discussion

With increasing age, the compressive strength of the
samples has increased. The reason for this is that with
increasing age, the hydration between cement and water has
increased, causing the reduction of lime water in concrete and
the increase of silicate gel in it. The compressive strength of the
pozzolanic samples is lower than that of the control concrete,
the reason for this is the incompleteness of the pozzolanic
reactions and their diluting properties (not having enough
calcium hydroxide for the pozzolanic reaction). But with the
passage of time and the samples reaching the age of 28 days
and 90 days, this lack of resistance has been compensated to
a large extent and the resistance of the design samples has
reached close to the resistance of the control samples, which
indicates the beginning of pozzolanic reactions of calcined
clay after the initial ages. The tensile strength values have
decreased with the increase in the ratio of water to cement
materials from 0.35 to 0.4 at the age of 28 days, which is
due to the increase in the thickness of the surface transition
zone (ITZ) following the increase in the amount of water
consumed in concrete. As a result, the increase in the
thickness of the surface transfer zone in concrete causes an

increase in the porosity of the concrete and a decrease in the
tensile strength of the samples. Concretes made with calcined
clay have higher ductility than normal concretes, and for this
reason, they have accepted more cracks during bending tests
and have endured a relatively good load, but in the control
designs, due to brittleness after reaching the critical load With
the first microcracks, the test beam was destroyed.

4- Conclusion

1- The mechanical properties of all designs improve over
time, which is more noticeable in the designs containing
pozzolan and causes these designs to become denser than the
control design.

2- The 28-day compressive strength of designs was lower
than the control design’s compressive strength, but with the
passage of time and reaching the age of 90 days, a large part
of This reduction has been compensated.

3- The values of compressive strength in designs in which
calcined clay, limestone powder and microsilica were used at
the same time were very suitable and after 90 days, it obtained
the highest values of compressive strength in pozzolanic
designs.

4- samples reaching the age of 90 days, the designs
containing 20% calcined clay and 20% lime have the highest
resistance in pozzolanic designs and the pozzolanic reactions
in them are more complete and are introduced as optimal
pozzolanic designs.

5- In the tensile strength test, the process of gaining
strength is the same as the compressive strength test,
and the optimal amount of calcined clay is 20%, and the
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highest amount of tensile strength for pozzolanic designs is
assigned to the design containing 20% calcined clay and 7%
microsilica.

6- In the modulus of rupture test, from the point of view
of the amount of applied load, the designs had a trend similar
to the compressive and tensile strength, but in a range very
close to the control design, but from the point of view of the
amount of spring created, they acted completely opposite to
the resistance behavior.

7- According to the load capacity of designs including
soil, which is in a range close to the control designs and at the
same time, the flexibility is higher than the control design, it
can be concluded that concretes made with calcined clay have
higher ductility than normal concretes.
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Table 5. Specifications and quantity of materials used in the design of mixes with W/C=0.35

obals  glaw S Sel 58w o b OOl e S Sal oSee Olsy s
A /. / ok ke/ m’) (kgm’) (kg/m’) (kg/m3) kgm3) kg/m3) s oS
. kg/m3) )
COLO
\AAE ARRT4 'Y f.- \
C10L30
\- A . YY¥ \RRTs AL Y¥- ¥ \Ye VY
C20L20
Y- Y. . \AAE ARRT4 'Y Y¥- A- A- VY
CI0L30SF7
OOIA \e. Y- \AS \Ani ARRT4 AL YYYIY \E \Y- \PIA A
C20L20SF7
OOIA Y- Y. Y \Ani ARRY4 L YYYIY A A- \ZIA Vo
W/C=0.4 L bbb b 13 B mas dlao jlaile g Olasein .f Jous
Table 6. Specifications and amount of materials used in the design of mixes with W/C=0.4
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Table 7. The number of laboratory samples made in the research
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Fig. 2. Bar graph of compressive strength for the ratio of water to cement materials of 0.35

Mooy 3 ol Caslie Wo)s) 7 oL Cuglie Mo,y 28 UL Cuglie WMo, 90 L Cuaglia

60
2|
3 50
3 40
9
s 30
dl)
s 20
10
0
coLo Cc10L30 C20L20 C10L30SF7 C20L20SF7
Wo)sy 3 ol Culaa 16.41 9.31 9.15
Moy 7 s Culaa 30.67 14.04 16.45
o) 28 s olhd Cuaglia 46.86 36.22 38.12 39.52 43.2
o) 90 sl G lia 51.34 40.02 42.87

P Sloww dge & T Cond (5l (5 )Wid Croglilo (gldlao 413905 .Y JSWS

Fig. 3. Bar graph of compressive strength for the ratio of water to cement materials of 0.4

yva



WAS B AYFA domiio VF ¥ Jlo ) 0)led DF 093 (yusS pool (e (owdite 4 S

Sal £Y+ g aidS oy Y+ Joli slaz b oyls Jliday 1 oy s Lis
g W SYgig slaz,b )3 Cwglie oy i syl Mix8  Mix3
03,5 0 (e Yo dite Sk lyis
oS S i o YD Sloww dlge 4 Ol s 0 F S 4 angi b
oS 059, ¥ (o0 )3 (59,3 ) las Cenglie £ 910 Al (sladiges )3
s T 0 4 4 b len o s 5 2l e e Cglie T FY
359V cusdS b &S Al oo gl e > o) SB (Yoje clld
digad > Cuoglio cunS l5r0g 5 o Dolite L) pl ladiges yidlw
595V o 3 48 digulS” oy £ Yo g Ve ol b Sl 500 S
ey Ginl38l opl &S @S lev o doeis s W) |y Canglio s s yun
A= @l b - adle S cnl (Voje 3 )Shes g cillad I 3U
2 Gl (80 250) 6 )lb Canglio 51 (Vb a0 > IS 5o oy o S
G55 (B8 SIs e pol o) 4 980 S gl 59y YA 3 )b

PYL oyt &0 G ] (8 St (Vb Ol g pgmnlilyban 51 )5 o

100%
A
il
p 0%
? 80%
3' 70%
ﬁ\ 60%
3 50%
4 40%
2
3 30%
o
3 20%
B 28.30
10%
0%
coLo
W5, 90U 28 51 5,Lis cooslive mowS 10y 101
B35, 28L7 15, L8 Cusglio S 10,5 37.76
W59, 70 350,008 ceglie wows 1o)s 23.82
059, Jus;Lias Ceglite LS 1oy 28.30

859) 315 Luisd Caoglin s Loy

am3 g0 oLt bl )by 53 e (s &) G |y (65U Cuoglio
ol San)) Kol g By opMe & _lndiges 15 alys 03515 53
On 4 Cans bl 0jgy YA (6)Lid cuoglio Canl oad ool bl 5
oo Y o3 3929 o] o ST sl o ity perliesg Soo 019
ool S Glo STy 39 00 e oS Canl by So > Jlub
obsS > domal )3 93,5 plodl by Vo delhy 4 Cand 63Vl Cas o b
5508 1 sl 5 35
oo Ol clacuws b o pladiges (6,Lid Coglio duslio )|
LS il e () o Ss)ulboas wily «/Fg /YD lasw
e Lials adges (o)lid Cuglio Sloww dlgo 4 Ol s ol
4 ot Sl 5w o yall Ko lass dlgo 4 O s S 0
oS )5 Sluogad (olad (592 45 S g 9 295 o0 ogune
o SHW/C) s o O oo o8 olim g conl I35 51 (e ails 5 o
s ol > ol (o)lie o b S e g o9 s e
@ odd wome Ol pl ol osile Bl odliznl (g a5 cusly Aalgs
rge &S 35 oo glo oy L 3 (JB 2LaS 53980 B )y
Cuoglio yals Jodos (il cpl bixub g 09 00 (i S5 138l

26.83 23.08
C10L30 C20L20
10.68 12.12
51.94 42.63
10.55 2217
26.83 23.08

W9, 7L 3;U,L0s cuoglae wuws Lo)>

s, 28057 5105, Lisd canglin wonsS 20ys Mg, 90U 28 51 5, Lisd canglito onsS 105

AV Sloww dge a4 OF Comund (51 (6, Wid Croglilo S duoyd (gldlao 413905 .F JSU

Fig. 4. Bar graph of the percentage of compressive strength obtained for the ratio of water to cement materials of 0.35
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Fig. 6. The 28-day tensile strength of concretes made with W/C=0.35 and W/C=0.4
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