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Abstract: - This paper presents the modification of the technological vibration regime when compacting
composite road structures. These are mixtures of clay, gravel and sand with direct influence on the
resonance frequencies for the vibratory roller -ground system. In this context, the dynamic rigidity was
determined “in  situ” for four categories of land, defined by distinct dosages.

For a 10t mass compaction equipment and a 2t vibrating roller, the resonance frequencies and the excitation

frequency of the vibrator were set as technological parameter.
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1. INTRODUCTION

The elastic characteristics of composite soils for
roads are measured under experimental conditions in
the field, reaching the resonance regime. The value of
stiffness corresponding to the vibrating roller in
contact with the ground is experimentally established
based on the elastic deformations in resonance
regime.

In this context, four categories of soils were
analyzed for which the elastic parameters & and £
were determined, corresponding to the vibrating
roller - ground system, using the experimental elastic
parameters, in resonance regime.

Thus, assessments can be made on the resonance
frequency for the technological vibration regime. [1,
2,3,4]

2. THE EXPERIMENTAL ELASTIC
CHARACTERISTICS OF THE SOIL

The assessment of the elastic parametric quantities
of the soils was made based on the rheological
behavior. The dynamic models analyzed and
frequently used in the rheological analysis of the of
the vibrating-roller — ground system points out the
following properties: elasticity, viscosity, plasticity
and hysteretic amortization. The following models
are used in the analysis of the dynamic behavior of
soils: Voigt-Kelvin, Zener, Maxwell, Bouc-Wen. [5,
6,7,8,9]

At the vibrating roller — ground contact, pressure
is within the range of values (0.5+1.5) daN/cm?, and
the technological vibrations with the amplitude of
(0.25+1.5) mm determine the dynamic compaction
process.

The behavior at reversible elastic deformations of
the vibrating roller-ground with the contact surface S,
determines the rigidity of the soil as:

k=S5C; (1)

C;=a e 2
T 1-vigs @)

where @ is the influence coefficient of the contact
plane surface geometry;

E — soil dynamic
(resistance);

S - area of the contact surface between the
roller and the soil;

elasticity modulus

V' —Poisson’s coefficient.

The experimentally determined rigidity k&%,
corresponding to the contact surface with the S* area
using the dynamic experimental field device with
rectangular contact plate, with dynamic excitation in
resonance is determined in the form:

1»* E -
K —CIWJS_ (3)

Rigidity k of the dynamic ground-vibrating roller
system, corresponding to the real contact surface with
the S area, in dynamic regime, is calculated in the
formula

Ez"@
1-v 4)

P
|
Q

Relations (3) and (4) trigger the land rigidity (soil)
underneath the compactor vibrating roller, as follows

5° (5)

The dynamic elasticity modulus or the Young E
modulus emerges from relation (4) in the form
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For the dynamic trial device with the area $*=0.09

m? and the coefficient @ = 0.95, as well as for the
real roller-ground contact surface S = 1 m”the elastic
characteristics shown in table 1 were determined.
Poisson's coefficients, for each category of land, they
are presented in table 1. [1, 2, 10, 11, 12, 13]

Table 1
Elastic parameters
< 23]
=] =
- v 8 L)
THE S LINE
2Z S22 2%
No.| Composite soil Z = & % § £ 3
g
k* k E v
L. Slightly cohesive
soil (40%) i = o =)
containing sand ) 3 2 &
(30%) sorted gravel ~ o« <
(3 +7) mm (30%)
2. Slightly cohesive
soil (30%), fine ) o o 00
clayey sand (20%), g" :“ - &
sorted gravel (7 +15) | < © b <
m, m (50%)
3. Greasy clay (30%),
sorted gravel (7+15) 8 = 19 §.:
mm (30%), clayey & 3 3 S
fine sand (40%)
4. | Greasy clay (30%),
o S o "
sorted gravel (7+15) S g 3 5
mm (30%), clayey 3 Q 5N S
fine sand (10%)

3. FUNCTIONAL RESONANCE
FREQUENCY FOR THE ROLLER
VIBRATOR-LAND SYSTEM

The case study was performed on a 10t mass
vibrating roller and the maximum rotating disturbing
force Fo = morw? , with the value of 100 kN at the
excitation frequency of 50 Hz. The static moment of
the vibration system is "e” =1 kgm. The dynamic
structure of the equipment is a multibody system with
four degrees of dynamic freedom, the inertial, elastic
and amortization characteristics being presented in
the paper.

Using the calculation program dedicated for
compacting vibrating rollers RV (Roller Vibration)
where there were used the values of land rigidity in
table 1, the functional post-resonance frequency in
table 2 was determined. [14, 15, 16, 17, 18, 19]

Table 2
No. | Rigidity &, MN/m Resonance
frequency f:, Hz
1. 44.00 26.491
2. 67.50 32.341
3. 90.00 37.419
4. 120.00 42.733

From the analysis of the data in table 2 it is found
that the discrete variation of rigidity, on distinct land
categories, highlights a significant variation of the
modal resonance frequency f. These values of the
resonance frequencies are particularly important for
the positioning of the technological compaction
regime, with the technological excitation frequency

w
f= §> fa so that f > f,, where r=1,2,3,4 is a
position in Table 2.

4. ANALYSIS OF THE RESONANCE
CIRCULAR FREQUENCY MODIFICATION
FOR VIBRATORY ROLLERS USED IN
ROAD CONSTRUCTION.

For the vibratory rollers type RVS5 and type RV10,
with a mass of 5t and 10t, respectively, there were
performed field tests for four structures categories
and there were determined the resonance circular
frequencies. It is mentioned that the two vibrating
rollers are modelled as dynamic systems with four
degrees of freedom so that both analytically and
instrumentally, four values of resonance circular
frequencies were determined.

In Table no.3 there are presented the values for the
vibratory roller type RVS5.

Table 3
Stiffness Resonance circular frequency, rad/s
MN/m computational / experimental

®nl Wn2 ®n3 On4
20 24,13 62,22 132,76 161,89
26,08 63,45 134,15 163,24
30 24,45 62,66 162,29 194,71
25,82 64,12 163,87 195,86
40 24,61 62,87 187,23 222,82
26,72 63,92 189,41 225,94
50 24,72 63,01 213,36 352,48
26,54 64,14 215,41 354,26

In Table no.4 there are presented the values for the
vibratory roller type RV10.

The values in both tables are within the limit of
10%, which leads to the fact that the experimental
evaluation of the dynamic stiffness in the field
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corresponds to the accuracy degree required by this
category of construction works.

Table 4
Stiffness Resonance circular frequency,
MN/m rad/s
computational / experimental
On1 ®n2 ®n3 ®n4
44,00 15,32 | 121,70 | 129,95 | 166,45
16,12 | 123,14 | 131,25 | 168,20
67,50 15,46 | 121,98 | 141,01 | 203,25
16,92 | 123,56 | 142,61 | 205,42
90,00 15,52 | 122,75 | 158,31 | 233,42
16,98 | 123,86 | 159,42 | 235,26
120,00 15,57 | 122,07 | 181,07 | 268,50
17,04 | 123,62 | 182,91 | 269,83

5. CONCLUSIONS

Based on the experimental trials of soil rigidity for
road structures, it is emphasized the influence of the
component materials dosages (clay, gravel, sand) and
of Poisson's coefficient on the dynamic resistance
modulus and the dynamic rigidity of the soil layer
subjected to the compaction process.

a) The dynamic resistance modulus and the
dynamic rigidity modify after each pass, so that after
a number of 4-6 passes the variation of the mentioned
parameters is significant with relative increases from
10% to 80% of the initial values, in the dynamic
compaction process. [20, 21, 22, 23]

b) The experimental research carried out on 0.4-
0.5 m thick layers, from four categories of soils
prepared in mixture, with controlled dosages,
highlighted that the resistance modulus and rigidity
are dependent on both the composition of the soil,
Poisson’s coefficient as well as on the area of the
contact surface between the vibrating roller and the
ground. [24, 25, 26]

¢) The experimental values present the resistance
modulus and the rigidity of the soils for four
categories of soil.

d) The variation of the dynamic rigidity based on
the field trails enabled the assessment of the
resonance frequencies for a 10t vibrating roller. [27,
28, 29]

Thus, it is found that in table 2 the own modal
frequencies of the first and second order, that is f; and
f>, remain unchanged at the discrete variation of
rigidity, while the own modal frequencies of the third
and fourth order, that is f3 and fi change significantly.

It emerges that ensuring the technological
vibrations regime in post resonance is conditioned by
the discrete variation of rigidity. For a quality

compaction the discrete variation of rigidity must be

correlated with f; resonance frequency so that
w

fr < 5=

2w, where w is the pulsation of the disturbing
force with harmonic excitation of the vibrating roller
for the four categories of soil, that is for r = 1,2,3,4
[13,14,16,18,19,20,21].
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