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Abstract

The paper describes the dynamics of vibration under pressure. The testing ma-
chines Instron and Zwick were implementing the vibropressing regime. The mate-
rial testing machines were used for experiments with raw concrete. The form of
samples was cylindrical with diameter 84.5 mm. The series of experiments was
conducted according to the Mean Square Error Latin hypercube design [1]. All ex-
periments with raw concrete were the examination of the influence of vibropress-
ing characteristic parameters (pressing load, vibration force amplitude and fre-
quency) on the quality of concrete samples. The vibropressing regime 1s described
by formula f = f, + f, sin(wt) was realizing changing three parameters — f, pressing
force (10-50 kN), f, force amplitude (1-11 kN) and frequency(10-50 Hz). Fourier
analysis was used for the analysis ol implemented parameters. The testing ma-
chines implement some input parameters very accurately, therefore a locally
welghted sinusoidal approximation with Gaussian weighting function was |2,3]
used for smoothing and numerical differentiation of the registered functions. The
correlation between input parameters investigated.
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1 Introduction

There are many types of concrete available, created by varying the proportions
of the main ingredients indicated below. By varying the proportions of materi-
als, or by substitution for the cementitious and aggregate phases, the finished
product can be tailored to its application with varying strength, density, or
chemical and thermal resistance properties. The mix design depends on the
type of structure being built, how the concrete will be mixed and delivered,
and how 1t will be placed to form this structure |4, 3].

The vibropressing technology 1s generally used for compaction of high-
strength concrete blocks such as paving bricks. A large range of block making
machines 1s available on the market from manufacturers like “Poyatos”, “Pren-
soland”, “Masa—Henke™, "HESS™ and many others. They are based on the
following principle: the pressure 1s combined with forced vibrations, and for
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some models with vibroimpact as well, see QFT8-15 Brick Making Machine
|6] for example.

A two-side vibroimpact press was also patented and investigated |7, 8].

The most important characteristics of such blocks are strength and freeze-
thaw durability. Both of them increase by increasing the density of the block
using the same raw concrete composition — sand, cement, water and chemical
additives.

Point-mass systems and continuous medium models are used to describe
the concrete vibration process. Consolidation by vibration i1s mostly described
as consisting of two stages — the first comprising subsidence or slumping of
the concrete, and the second a deaeration (removal of entrapped air bubbles).
A different model should be used for each stage |9].

The change of viscosity of raw concrete mixture under the influence of vi-
bration 1s a well known phenomenon. I. Blekhman introduced the name vi-
brorheology for the field of science which operates with rheological models
subject to a vibration. Vibrorheological properties of raw concrete are included
in the analysis. The properties of concrete blocks depend on recipe, chemical
and granulometric characteristics of concrete mix components, as well as on
the dynamic action on the raw material during the forming process — the con-
stant pressure component, amplitude and frequency of forced vibration and
length of the forming cycle.

In this study the influence of dynamic parameters on the forming process
was analyzed on the basis of mathematical models, 1dentified from natural
experiments without application of classical rheological hypotheses. The mate-
rial testing machines Zwick and Instron 8802 were used instead of a special-
1zed forming machine. A special cylinder-piston construction with the diame-
ter 84.5 mm was built for the experiments. The variable factors were the val-
ucs of the constant pressure component, the frequency and amplitude of vibra-
tion force and the duration of vibration. The same amount of sand and cement
was used for all experimental trials.

2 Experimental design

The experiments were conducted according to the Mean Square Error Latin
hypercube design [ 1] using EDAOpt software. The three variable factors were:
constant pressure component, frequency and amplitude of wvibration force,
Fig. 1. The intervals of the values of variable factors depended on vibrorheo-
logical properties of raw concrete and testing machines possibilities. The fre-
quency @ was changing from 10 Hz to 60 Hz, constant pressure component
Jfo— from 1 kN to 5 kN and amplitude of vibration force f; — from 0,1 kN to
1,1 kN.
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Fig. 1. Mean Square Error Latin hypercube design

The dynamics of vibration under pressure are described by the following
force function:

f =1 + f sin(2zot) (1)

where f, — the constant pressing force, /; — the force oscillation amplitude and
@ — the frequency in RPM. At the beginning of the process this pressure can-
not be applied since the raw concrete has a low compacting rate and accord-
ingly a low resistance force. Therefore before applying vibration, the two-
stage pressing without oscillations was used, see Fig. 2.

The first pressing stage 1s different between required (a) and implemented
(b) vibropressing regimes. The crash of the largest particles of concrete mix-
ture and the movement of air bubbles can affect the implemented vibropress-
ing regime visualization.

Fig. 2. The example of required (a) and implemented (b) vibropressing regimes

The influences of constant pressing force, vibration force frequency and
amplitude on the compacting process were analyzed. The same cement (class
400), sand filling aggregate (0.3—12 mm. moisture 0.2%) and water-cement
mass ratio (W/C) 0.36 was used for all experimental runs.

Concrete cylinder blocks with diameter 84.5 mm and weight 1 kg were
compacted, see Fig. 3.
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