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Extended Abstract

The design of a concrete mix is primarily a volumetric packing problem. The optimum proportions of fine and
coarse components are a function of the aggregate and cement size distribution curve and their packing characteristics.
Optimizing the design of a granular system can increase the efficiency of cementitious materials, achieve higher
strengths, and reduce cement demand by increasing packing density. For this reason, it is important to relate
compressive strength and packing density in a conventional and/or high performance concrete granular system.

Increasing the packing density of the particles is one of the main attributes to achieve low porosity, flowability,
durability and reduction of defects in concretes [1].

Therefore, mix design procedures were developed around the central strategy of maximizing packing and ensuring
proper particle size distribution to achieve high levels of strength and the desired workability of the mix [2-4]. To
improve packing density, the compressive packing model (CPM) proposed by De Larrard and Sedran was used [5-11].

The objective of this research was to analyse the relationship between packing density and compressive strength
in concrete mixes. In this study, 6 different concrete mixture designs were considered, and 20 cylinders (100 mm x
200 mm) were manufactured for each mixture, to analyse the relationship between compression strength and packing
density of the matrix. The material used were: general purpose Portland cement Type I (ASTM C1157/C1157M-20),
sand with a medium diameter of 1.85 mm, and coarse aggregate with a medium diameter of 11.40 mm.

Compression tests were performed in accordance with ASTM C39. Among the different concrete mixtures
proposed, a virtual packing density of 0.68-0.87 was found. The compressive strength increased as the packing density
improved.

It was found that it is possible to optimize the use of cement and aggregates in a concrete mix to obtain high
packing densities and consequently high compressive strengths. The concrete was manufactured with materials
common in the industry, using conventional tools, and production methods. It is possible to scale up the manufacture
of the optimized concrete mix proposed in this study for in-situ use.
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