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Abstract

The present research had as its basic objective to contribute with the improve-
ment in the quality control evaluation of the compacting process in road works. The
real contribution of the survey is to establish an innovative way of controlling the
compaction process in the field, with employment of the Humidity versus Rigidity
and the Humidity versus Elasticity Module curves, turning the methodology faster
and more efficient than the conventional procedures. In fact, to date, the compacting
control procedures contemplate methods that are inaccurate and limited by several
constraints, rendering the technique unfeasible and time consuming, in detriment of
the work schedule. Thus, this study proposes to define a rational correlation criterion
between the geotechnical characterization with results obtained in the laboratory us-
ing conventional methods and the elastic parameters obtained by applying the rigid-
ity meter of compacted soils, based on a statistical treatment of data concerning the
infrastructure of experimental road and railway sections. The results obtained in the
research were the correlation curves for Humidity versus Rigidity, and for Humidity
versus Elasticity Module, for the material of the deposit, with the corresponding equa-
tions. Thenceforth, with the correlation curves, it will be much easier to obtain the
moisture content that the soil requires on the earthworks. By measuring the modulus
of elasticity or rigidity through the stiffness meter of compacted soils, the respective
curve checks if the value of the soil moisture content is compatible with the variation

1. Introduction

The earthwork landfills are con-
structions known and executed by
humanity since ancient times. The raw
material used in these kinds of earth-
works essentially exists in the earth's
crust - the soils and / or the rocks. Most
soils are underlying bedrock mate-
rial weathered and consisting of voids
filled by air or water, with variable
characteristics over time, and it is often
necessary to improve their properties.
There exist many techniques of improv-
ing soil properties, such as compaction.
The compaction processed soil layers
can arise naturally through the own
weight of the materials and the action
of atmospheric agents, which through
drying cycles, filtering rainwater, among
other consequential factors, eventually
with time end up forcing the soil layer to
settle down, thus giving it better resis-

of the moisture content in the project.
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tance and permeability characteristics.
However, this slow process could take
years, centuries or even millennia, until
it reaches the degree of consolidation
necessary for a particular construc-
tion, resulting in the need for a much
faster process.

In 1933, Proctor, cited by Baptista
(1976), Pinto (2006) and Sengo (2008),
observed that the application of a
particular compaction energy resulted
in a relationship between the specific
dry mass and the moisture content of
the soil. From this observation, there
was an evolution in the techniques of
compression, which until then were
realized in an empirical way. A com-
paction methodology was developed
that would take into account the most
suitable moisture for obtaining a
maximum compaction density within

a specific amount of energy. In this
manner, whether in the execution of
pavement layers, land masses, cargo
road and railway landfills, land dams,
airports and other works that require
the construction of embankments, it is
possible to obtain the highest possible
densities as a safety and stability factor.
It should be added that increasing the
apparent specific mass also implies in
an improvement of the compacted soil
impermeability, which is ultimately, a
stability factor. Technological control
is defined as the use of any aspect of
human knowledge, be it in the form of
methods and procedures or even tools,
devices or equipment, in order to enable
the execution and optimization given
activity results.

The use of technological control
in earthworks must be present from the
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planning of the activities to the verifi-
cation and confirmation of the results
obtained. The present work introduces a
new way to control compaction of road
embankments, specifically the control
of moisture content, through the cor-
relation between elastic parameters of
the soil deposit (resilience modulus and
stiffness index), and the conventional
geotechnical characterization of the
material (Faria, 2004). The main objec-
tive is to establish a rational correlation
criterion between laboratory test results
(moisture content) and the variables ob-
tained by application of the compacted
soil rigidity meter in an experimental

2. Materials and methods

The methodology applied was
based on the laboratory characteriza-
tion, through conventional soil tests of
a loan area located along the BR-356

In the laboratory phase, the follow-
ing tests were performed: Granulometry
Test (NBR 7181/2016), Atterberg Limits
(ABNT NBR 6459/2016; ABNT NBR
7180/2016), Compaction Test (NBR
7182/2016) and CBR - California Bearing
Ratio Test (NBR 9895/2016). The physi-

section to generate a soil characteristic
curve in the study and formulation of
equations that govern the behavior of
this soil with respect to the Humidity
x Elasticity Modulus and Humidity x
Rigidity one.

Currently the determination of the
moisture content in the field, through
simple and expeditious tests presents
several problems. The "frying pan"
and "alcohol" methods can burn soil
particles, especially in the presence of
decomposed organic matter. Already
the Speedy Test method, using calcium
carbide ampoules, can induce inac-
curate results in little-plastic soils. In

Highway, Km 107. The physical model
was constructed to obtain the elastic
parameters of the soil, through the
compacted soil rigidity meter. With the

cal model proposed in the research was
based on the execution of a compacted
subgrade in Proctor Normal, utilizing the
laboratory results previously obtained. In
this way, the correlation of the Modulus
of Elasticity and Rigidity parameters
provided by the rigidity measuring equip-

2.1 Field campaign - rigidity meter of compacted soils

The experimental phase of the
research was carried out with the use
of a compacted soil stiffness meter.
It is a portable device for perform-
ing in situ measurements of stiffness
and elastic modulus of soils and was
developed from technology owned by
the US Army. This is an opportunity to
improve the technological control of the
compaction process and construction of
pavements aiming to run most enduring
works (Batista, 2007).

The device works by applying si-

nusoidal charges to the surface soil and
measuring the resulting displacements.
The equipment has a cylindrical shape,
280 mm in diameter and 254 mm high,
weighing about 10 kg. It consists of a
ring-shaped metal base with an outer
diameter of 114 mm, an inner diameter
of 89 mm and a thickness of 13 mm,
which rests directly on the ground.
During the test, the applied force and
the displacement are measured at 25
different vibration frequencies, in the
range of 100 to 196 Hz. Each test lasts
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addition, the technique is restricted to
the assessment of the moisture content
by means of an equipment calibration
table (Gilbert, 1988). The hothouse
method, used in the laboratory, is in-
compatible with the field routine. Other
methods, such as the "infrared oven",
are expensive.

Thenceforth, with the developed
method, the value of the modulus of
elasticity and rigidity index is provided
by the equipment, and the moisture con-
tent of the soil is measured in the curves
obtained, eliminating the application of
conventional methods, contributing to a
faster and more efficient process.

results, the laboratory parameters were
correlated with those measured in the
physical model. Figure 1, shows the field
studied in this research.

Figure 1
Deposit on the BR Highway -356 km 107.

ment of compacted soils with the values
of moisture contents of the samples stud-
ied, one being in the optimum humidity
measured by the compaction test, and
another two were one in the dry branch
and another in the humid branch of the
compaction curve.

about 75 seconds, allowing for a fast
and efficient analysis of the compacted
layers (Fernandes, 2005).

On the outside part of the Asphalt
Railroad Laboratory in the School of
Mining at the Federal University of
Ouro Preto, three holes with dimensions
of 1.0 m x 1.0 m x 0.2 m were opened,
as shown in Figure 2, in order to com-
pact the sample and test materials with
three different humidity levels according
to the compaction test, representing a
subgrade layer.



Figure 2
Holes to be compacted.

The compaction of the holes was
subdivided into 4 layers of Scm, totaling
20 cm of thickness, and was executed with
the use of the percussion compactor. In
the first hole, compaction was performed
in the dry branch of the compaction curve

Figure 3
Sequence of compaction of the holes.

Jointly with the Sand Bottle test, the
final humidity of the layers was measured
with the moisture-determining scale, col-
lecting a fraction of soil in each perfora-
tion. With the use of this equipment, it
was possible to affirm that the laboratory
conditions were reached in the field.

Figure 4
Test with the rigidity
meter of compacted soils.

Thenceforth, it was possible to corre-
late these values to obtain a characteristic
curve for this soil and the formulation
of equations that govern the behavior

(w = 18.8%) obtained in the laboratory.
The second hole material was compacted
near its optimum moisture (w = 21.5%).
Finally, the last hole was compacted with
the material in the humid branch of the
compaction curve (w = 25.9%). After

The next step was the measure-
ment with the stiffness meter of com-
pacted soils for the determination of
soil elastic modulus and the correspond-
ing rigidity of the layers in the three
subgrade tiers. Procedures for the use
of the equipment are standardized by

of this soil with respect to Humidity x
Modulus of Elasticity and Humidity x
Rigidity. Similarly, the correlation of the
Modulus of Elasticity and Rigidity pa-
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compacting with the use of the percus-
sion compactor, the degree of compaction
achieved was determined by performing
the Sand Bottle test. Figure 3, shows the
entire sequence described in the compac-
tion process.

Standard ASTM D 6758-02 (Standart
Test Method for Measuring Stiffness and
Apparent Modulus of Soil Aggregate in-
Place by Electro-Mechanical Method).
Figure 4, shows the measurement pro-
cedure with the use of a compacted soil
stiffness meter.

rameters were obtained by the compacted
soil rigidity equipment with the values of
adopted moisture content study from the
soil studied.
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3. Results

All of the laboratory and field tests
performed at the Laboratory of Railways

3.1 Granulometric analysis
The granulometric distribution
curve, in Figure 5, was obtained by the

100.00
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and Asphalt/ UFOP are presented below.
All the tests implemented followed the

sieving and sedimentation tests. A clay pre-
dominance was verified in the soil coming
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3.2 Classification of soils
For the classification of the soil as
pavement material, besides the granulom-

Equation 1 presents the calculation
performed for the determination of the

Grain diameter

etry test, the Liquidity Limit and Plasticity
Limit tests were carried out, in addition to

Liquidity Limit 35.6%
Plasticity Limit 20.0%
Plasticity Index 15.6%

Group Index, using the granulometric pa-
rameters and plasticity of the studied soil.

ABNT standards for classification of the
quarry as a subgrade material.

from the quarry. Thereby, the material was
classified as Sand-Silt Clay of brown color.

Figure 5
Granulometric distribution curve.

the determination of the Plasticity Index,
presents in Table 1.

Table 1
Plasticity Index.

IG=0.2*%a+0.005*a*c+0.01*b*d (1

Being, a = 29.5; b =40.0; c = 0; d = 5.4. Then:

For the classification of the soil by
the unified system (SUCS) and by the road
system (TRB — Transportation Research
Board), the results of the granulometry
tests, limits of consistency and group
index were used.

The soil was classified according

to the Transportation Research Board
(TRB) as an A6 soil, which according
to DNIT (2006) is a clayey, plastic soil,
generally having 75% or more of material
passing through a 200 mesh sieve. The
soils of this group commonly suffer a
high volume change between the dry and

3.3 Compaction and support index california

Table 2 shows below the maximum
dry mass, optimum humidity, support

capacity and material expansion deter-
mined by Compaction California Bearing

Specific maximum dry mass 1.613 g/cm?
Optimum humidity 22.9%
Expansion 0.7%
California Bearing Ratio (CBR) 2.0%
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IG=9

humid states, with a behavior considered
from very low grade to poor quality as
layered subgrade materials.

In the SUCS classification system, the
soil used in this research is classified as CL,
that is, inorganic clay of low and medium
plasticity - gravel, sandy and silty soils.

Ratio tests.

Table 2
Mechanical characteristics of the soil.
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The compaction test was performed with normal compaction energy and the compaction curve is presented in Figure 6.
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Figure 6 Humidity (%)

Compaction curve.

3.4 Compaction control - elasticity module correlation and rigidity of the layer with moisture

The elastic modulus and soil five different points of the compacted  below, show the values obtained in
rigidity obtained with the compacted  holes (edges and center of the bores).  each of the three drills and the aver-
soil stiffness meter were performed at  The Figures 7, 8 and 9 presented  age value.
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Humid Branch w=25.9%
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branch with humidity equal to 25.9%. MEASUREMENTS
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Figures 10 and 11, respectively,
show the correlation curves between Hu-
midity x Rigidity with its corresponding

Field compaction control by way of correlation between elasticity module and layer rigidity with moisture content

equation and Humidity x Modulus of

Elasticity together with the curve equa-

tion. To obtain the curves, the mean

Correlation — Humidity x Rigidity
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_ 26
S 1 215
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E 20 18.8
:3: 18 y=0.1065x2 - 2.3872x + 32.037
16 R2=0.9875
14
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Correlation — Humidity x Elasticity Module
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26
X 24
222
S 9 18.8
E g y=0.001x2 - 0.2339x + 31.657
=z R2=0.9998
16
14
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Elasticity Module (MPa)

4. Conclusions

In relation to the mechanical char-
acteristics of the analyzed soil, it was
concluded, by the laboratory tests, that
the material can be used as a subgrade
layer of a flexible pavement, since it pre-
sented a CBR of 2% and expansion of
less than 1% according to DNIT (2006).
The compaction test was performed on
Proctor Normal energy and the compac-
tion curve resulted in a specific maximum
dry mass of 1.613 g/cm? and optimum
humidity 22.9%.

With the implementation of the
experimental model of the subgrade
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