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Design Coarse Fine Water  Cement  Aggregate  Experimental ~ Theoretical  Error of
number  aggregate  aggregate  weight  weight density strength strength the
weight weight (kg) (kg) (Mpa) (Mpa) relation
(kg) (kg)
1 1412 941 214 610 4.3 425 41.81 1.6
2 1514 1010 214 4755 4.3 354 35.72 -0.91
3 1579 1052 214 389 4.3 26.5 26.53 -0.13
4 1490 993 214 610 4.6 414 42.72 -3.2
5 1597 1065 214 4755 4.6 36.25 35.37 2.42
6 1668 1112 214 389 4.6 26.5 26.17 1.23
7 1702 1135 214 610 5.1 454 44.6 1.75
8 1825 1217 214 475 5.1 355 35.89 -1.11
9 1907 1271 214 389 5.1 28.3 28.42 -0.43

Table 1.The values of the mix components, the theoretical and experimental compressive strength, and error of the relation
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Conventional Optimal value Parameter
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35 35 strength (Mpa)
229632 194148 cost (toman)
43 4.6 density
cement
4755 300
(kg)
Water
214 150.4
(kg)
1010 1154 Fine aggregate
(kg)
1514 1338 coarse aggregate
(kg)

Table 3. Final results of mix design for strength of 35 Mpa
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Table 2.Final results of mix design for strength of 26 Mpa
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Table 4. Final results of mix design for strength of 45 Mpa
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Abstract

The procedures for measuring, mixing, transporting, and placing heavyweight concrete are similar to those used in
conventional concrete construction; however, special expertise and thorough planning are necessary for the
successful completion of this type of concrete .The use of heavyweight concrete in construction is a specialized field,
Heavyweight concrete is used in counterweights of bascule and lift bridges, but it is generally used in radiation
shielding structures to absorb gamma rays and differs from normal weight concrete by having a higher density and
special compositions to improve its attenuation properties. When heavyweight shielding concrete is used to attenuate
neutrons, sufficient material of light atomic weight, which produces hydrogen, should be included in the concrete
mixture. Some aggregates are used because of their ability to retain water of crystallization at elevated temperatures,
which ensures a source of hydrogen not necessarily available in heavyweight aggregate.

Cements would be suitable for conventional concrete and produce the required physical properties, are suitable for
use in heavyweight concrete. Low-alkali cement should be used when alkali-reactive constituents are present in the
aggregates and a moderate or low-heat cement should be used for massive members, To avoid high and rapid heat of
hydration and resultant cracking, it is advisable not to use Type IlI cement or accelerators unless the concrete
temperature is controlled by specially designed refrigeration systems. Thorough examination and evaluation of
heavyweight aggregate sources are necessary to obtain material suitable for the type of shielding required. These
sources are limited, and a material survey should be conducted to determine availability, chemical and physical
qualities. The supplier’s sources should be inspected to evaluate rock composition, abrasion resistance, and density
since these properties may vary from one location to another within a deposit. The purchaser must realize that
mineral ores are not as uniform as normal weight concrete aggregates and make appropriate allowances Limited
resources and increasing use of concrete, particularly in the industrial production cause that the heavy concrete be
useful. In order to optimize production of heavy concrete, the most basic parameters that must be changed is the mix
design. Optimization of the concrete mixture design is a process of search for a mixture for which the sum of the
costs of the ingredients is lowest, yet satisfying the required performance of concrete, such as workability strength
and durability. For this purpose, heavy concrete mix design optimization model is firstly defined and then
optimal mix design will be achieved, by using an optimization algorithm. The experimental data were utilized
to carry out analysis of variance. To develop a polynomial regression model for compressive strength, five design
factors (cement, coarse aggregate, fine aggregate, water and density) were considered in this study. The numerical
results shows that the amounts of coarse aggregate and cement are simultaneously reduced and amount of the
fine aggregate is increased in the optimum mix design. Considering mass production concrete in nuclear
power plants, this optimal mix design methods and reduce the cost of concrete can greatly reduce the cost of
construction.

Keyword: mix design, heavy concrete, optimization

2


mailto:*ar.habibi@uok.ac.ir

