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1 Reactive Powder Concrete
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Amount Properties
0.1 average size (um)
20000 surface area (m/kg)
2.0 absolute specific gravity
(gr/cms)
0.367 denisty specific gravity
(gr/cms)

Spherical and

non-crystalline
amorphous shape

Table 3. Physical properties of microsilica

Particle shape
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Chemical Chemical
Persentage Compounds Persentage Compounds

4.83 Na,O 61.84 SiO,
3.53 K,0 0.42 FeO
1.32 MgO 3.92 Fe,0;
3.73 Fei 1.37 Fes0,
<0.05 SO; 15.2 Al,0;
3.36 L.O.l 0.11 BaO
0.19 P,0Os 3.51 CaO
0.69 TiO, 0.08 MnO

Table 4. Chemical composition of silica sand
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Physical Characteristics of

Amount Cement
3.12 specific gravity (gr/cms)
""2974 Blaine fineness (cm%gr)
0.23 dilatation Longitudinal

80 Initial Setting Time (min)

275 Final Setting Time (min)
179 3 Days Compressive Strength
(kgflcm?)
274 7 Days Compressive Strength
(kgflcm?)
28 Days Compressive Strength
370 )
(kgf/cm®)

Table 1. Characteristics of Cement
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Chemical Chemical
Persentage  Compounds  Persentage = Compounds
In Microsilica In Cement
96.4 SiO; 20.05 Sio,
0.08 H,O 5.04 Al,O;
0.5 SiC 3.47 Fe,O3
0.3 C 64.56 Ca0O
0.87 Fe,03 2.38 MgO
1.32 Al,O; 1.08 CaO.f
0.49 CaO 10.53 C,AF
0.97 MgO 0.75 LOI
0.31 Na,O 0.58 I.R
1.01 K,0 49.5 CsS
0.16 P,Os 7 C:A
0.1 SO; 25.47 C,S
0.04 CL 0.97 K,0
0.34 Na,O
1.73 SO;

Table 2. Ingredients of cement and microsilica
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Quartz o T e . .
Superplasticizer Sl S 25 plard 5 (o Slasiie 0 Jgder
Amount powder Amount . _ _ )
. properties Chemical Chemical Amount Physical
properties Compounds ~ Compounds properties
average size o _ 97% < Calcium Name
>0.0 Liquid physical state CaCOs< P,05<0.03% Carbonate,
(mm) 99% Limestone
Moisture  Polycarb _ 54.5% < . CaCOs Linear
<1.0 content oxylate Chemical base Cao <55.505 VN0 <0.02% Formula
Molecular
- 42.0<L.0.1 100.09 ;
96 SiO,(%) Brown Color <437 Na, 0<0.1% gr/mol weight
Specific gravit Powder Form
1.1 P (! g | y Mgo <0.5% K,0 < 0.1%
gr/icmg
(25-2.72)  Specific
Consumption i o, Sloztinsoluble gravity
. SI10<07% atter <1.5% )
. (by weight of (gr/icms)
epend on
materials) Aolzgg,/: So,= Trace F')size
(Limestone
- Cl Foro.< 0.13gr/L _ Solubility
0.2203A) P,0s<0.03% (25 °C) in Water

Table 6. Technical specification of superplasticizer and quartz
powder

o4

Table 5. Physical And Chemical composition of Limestone
powder
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(Kg/Cm?)

ob

) ¢SS V010 Jlade ) 5l aS Ll CO gl ki
S AS VY 5ok o Sl o als gl (Ao V0

0353l pmadow asle & S0 38l Doppo a4 (Aons Vo on)

.&:»-«J‘ A.’\.\:
sl byl glac s Slasie V¥ Jsis
Mix Name
C30 C20 C10 Co (Kg /m3)
780 780 780 780 Cement
140 140 140 140 Microsilica
721 824 927 1030 Silica sand
309 206 103 0 Limestone
powder
190 190 190 190 Quartz powder
30 30 30 30 Superplasticizer
195 195 195 195 Water
0.25 0.25 0.25 0.25 WIC,
0.212 0.212 0.212 0.212 WIC,

Table 7. Specifications of the mix design of the replacement
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Mix Name
CS35 (CS25 CsSi5 Co (Kg/m?)
780 780 780 780 Cement
140 140 140 140 Microsilica
7725 8755 9785 1030 Silica sand
3605 2575 1545 o Limestone
powder
190 190 190 190 Quartz
powder
30 30 30 30 Super[élrastlmz
195 195 195 195 Water
0.25 0.25 0.25 0.25 WI/C,
0.212 0.212 0.212 0.212 WI/C,
Table 8. Specifications of the mix design of the replacement-
additive
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Fig. 5. Compressive strength of the replacement / additive ratios
(Kg/Cm?)
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Fig. 6. Effect of the limestone powder in compressive strength
(Kg/Cm?)
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Fig. 8. Water absorption of the Replacement-additive ratios
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Abstract:

Reactive Powder Concrete (RPC) is a ultra-powerful concrete with superior physical and mechanical
properties, which was registered in France in 1994. This concrete uses high cement factor, fine powdered
materials, low water to cement ratio, and the use of superplasticizer with high compressive strength and very
low permeability, high durability and abrasion resistance. the high amount of cement and microsilica used in
this concrete not only increases the cost of production, but also increases the heat of hydration. On the other
hand, cement production can have harmful effects on the environment. In the production of reactive powder
concrete, fine-grained powder materials such as silica sand, microsilica, and quartz powder are used as
materials. This concrete has a high compressive strength compared to conventional concrete, which has
attracted much attention in recent years. With this type of concrete, the weight of the structure can be
significantly reduced, and its important features include high compressive strength, low permeability,
durability and abrasion resistance and high ductility that can absorb more energy during an earthquake. In
this research, limestone powder was used instead of a part of silica sand. For this purpose, after obtaining
optimal mixture ratios based on the compressive strength, consistency and diffusion diameter of flow table
test, first, the limestone powder is considered as partial substitute of silica sand with percentages of 0, 10, 20,
30, and then in continuation, limestone powder is used as a substitute-additive with percentages and mixing
ratios. Experiments conducted on these samples include testing the flow table, water absorption during
curing and compressive strength at the age of 7, 28 and 90 days. The results of the experiments show that by
increasing the limestone powder up to 20% replacement with silica sand, the compressive strength
significantly increases, and also reduces the water absorption during of curing. The compressive strength of
mixtures containing 20% limestone powder is 43% higher than the base concrete for 28-day samples. This
increase in compressive strength for 7-day and 90-day samples is 39% and 42%, respectively. Water
absorption during of curing for 28-day samples decreased by 19.7%. In these experiments, it has been
attempted to cure under normal environmental conditions (temperatures of 23 to 25 °C without pressure) and
also to be sufficiently fluid in condition of loose concrete or self compacting concrete, so it can easily be
used in practical applications. For example, in connections with the number of overlapping reinforcements,
ordinary concrete does not have the capacity to fill the very small spaces. In such connections we can use
these mixtures. The cement content is 780kg. In order of cement content, it should be noted that the cement
content of reactive powder concrete is about 700 to 1000 kg, and is used in mixtures up to 1200 kg. So here
the cement content is moderate and the lower part of moderate. There is also no pressure and heat to be used
in curing of concrete, and the amount of water and superplasticizer is somewhat higher than similar mixtures,
so obtained fresh concrete is SCC. These conditions resulted in less compressive strengths than similar
mixtures, but they are sufficiently strong for use in building projects, and even more so. The compressive
strength of mixtures containing 20% limestone powder at 28 days of age reached 582 kg/cm? and at 90 days
of age, it reached648kg/cm?’.
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61


mailto:b.shervani@yahoo.com



