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GEORADAR RESEARCH OF STRUCTURE CHANGE
IN AIRFIELD FOUNDATION

Problem statement. There is a problem of determining the state airfield and road foundations by
non-destructive methods. This problem is due to the inability to detect changes in the road base
structure during its operation. The destructive processes reduce the load-bearing ability of the
foundation, which can lead to the structure destruction; especially it is the case with multi-cycle
load close to the limit load.

Results. Structure examination technique based on dipole element introduction into the foundation
material, and experimental setup sensitive to change in density of their distribution in the array
caused by change in structure were developed.

Conclusions. Developed technique allows one to detect the processes resulting in base structure
changes and as a consequence in the emergence of defects affecting the safety of runway opera-

tions, at the early stages of transport structure operation.
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Introduction
The economic development of a country is intricately connected with the development of

transport infrastructure with aviation being its important element. The increasing freight and
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passenger turnover causes the aircraft takeoff weight and its flight intensity to grow, with air-

field constructions being more intensely operated and as a result of this.

The value of these cyclic loads sometimes goes beyond the limit of an airfield, which has an

adverse effect upon the airfield construction reliability and aircraft operation safety.

In order to calculate the load-carrying capacity of the airfield base, it is necessary to test the
changes in its structure causing the airfield surfacing to fail under cyclic loading and then to
elaborate the methods of airfield constructions foundation research on the basis of the geora-

dar monitoring with further service manual recommendations.

Finding non-destructive methods of detection of an airfield foundation state is a contemporary

field of transport structures diagnostics in their operation process.

This paper looks into an experimental method of structure changes detection in an airfield

construction foundation subjected to aircraft cyclic loading on the basis of radar monitoring.

The research of the reasons causing aviation accidents indicated that 10 % of them occurred
due to the failure of some part of artificial surfacing which manifested itself in its subsidence,
the formation of relative slab projections exceeding the limit value and frost heaving of the
surfacing [1]. These processes were proceeded by a decrease in the load-carrying capacity of
the foundation, the formation of cavities and vacuums under the surfacing, of liquid pockets
and ice at negative temperatures. Large aircraft take off weight and its intense load against the
surfacing trigger the destructive processes in an airfield construction. The entire load affecting
a construction through the structural layer of the artificail surfacing is distributed in its natural
or artificial foundation [2]. In the process of an airfield construction operation, there are some
visually indiscernible changes in the structure of the foundation skeleton caused by the suffo-

sion of mineral components, destruction and consolidation of the structure layers.

In Fig. 1a there is a photo of an area of asphalt covering affected by subsidence caused by the
destructive processes in the upper layers of an airfield construction foundation. In Fig. 1b
there is a photo of an asphalt covering imperfection generated as a result of the changes in the

foundation structure during frost-heaving.

The methods and devices for the investigation of artificial foundations of airfield construc-

tions have been reviewed in the course of the study [3]. The present research methods allow
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to detect distinct changes in the foundation structure. Nevertheless their accuracy is not suffi-
cient for the detection of imperfections at the initial stage of their formation and the reliability

forecasts for airfield constructions at any moment of time.

b)

Fig. 1. Asphalt covering imperfections:

a is an area of asphalt covering affected by subsidence caused by the destructive processes
in the upper layers of the artificial foundation;
b is an asphalt covering imperfection generated as a result of the changes

in the foundation structure during frost-heaving

The paper suggests the results of the experimental research of the effect of artificial foundation
on the deformation characteristics of the artificial surfacing. The research of present airfield
constructions with the application of the data obtained from the elaborated measurement system
providing for georadar monitoring intended for the detection of imperfections forming in the
foundations causing the destruction of the artificial surfacing was carried out [1, 5]. In order to
prove the hypothesis about the formation of structural changes in the foundation in the opera-

tion process and the appearance of abrupt “trigger” effect of the particles’ shift, the natural ob-
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servations of layer-by-layer consolidation of again formed artificial foundation with the struc-

tural change monitoring in the construction process and subsequent operation were held.

1. Method of detection of the foundation structure changes

In order to assess the effect of the initial conditions on the measurements, the areas under re-
construction were measured [5]. The repair work was done on over 200 m’ of an airfield area
subjected to subsidence. In its course, reflectors (thread of copper enameled wire) with the
section of 0.4 mm, length of 2.5; 5; 10 and 20 mm were injected up to 1m deep into the foun-

dation (Table 1).

Table 1

The number of dipoles of various length injected into the foundation volume in the area

Length of dipoles, mm 2.5 5 10 20

Number of dipoles, pcs 48000 24000 12000 6000

As each technological operation took place and the area was covered with mineral coating
with layer-to-layer consolidation and the following covering restoration, the measurements of
a signal reflected from the coating massive with the injected dipoles (Fig. 2) were taken using

an experimental plant.

In order to obtain the necessary data on the changes in the artificial foundation structure, the

research was performed in four stages:
1. Taking pattern measurements at the stage of airfield construction reconstruction.

2. Determining changing parameters in the airfield operating process on the basis of monitor-

ing data using a georadar.

3. Examining changes in physical and mechanical properties of the foundation under high-

cycle aircraft loading.

4. Assessing the effect of temperature and moisture characteristics of the examined sample
areas of an airfield construction on the deformation properties and bending of the surfacing

upper layer.
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b)

Fig. 2. Samples of dipole elements:

ais 5 mm length dipole elements; b is dipole elements in the sand layer depth

The level boundaries were separated out of the dipole elements with the help of a radiocon-
trast. A radar signal having been statistically processed, they allow to define the correlational

dependence of a change in spacial distribution of the elements per unit volume and then com-

pare it with the pattern value.

2. Experimental plant for georadar foundation scanning
The control measurements obtained during radar sensing were taken with the help of a stan-
dard georadar device of OKO-1M type. However, the sensing parameters of this device do not

allow to find the deformation value in the foundation. In order to solve this, an experimental
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plant was made on the basis of standard radar nodes (Fig. 3). It allows to measure the statisti-
cally connected values of dipole elements distribution in the foundation structure and their
shifts under the influence of operating factors with the subsequent computerized processing.

A--A
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Fig. 3. Artificial foundation georadar scanning plant:
1 is arigid guide; 2 is anchors, 3 is adjustable legs, 4 is a digital unit,
5 is a carriage, 6 is a antenna, 7 is a repeater motor, 8 is a radio frequency unit, 9 is a level tube,

10 is an automatic control unit, 11 is an artificial foundation, 12 is dipole elements, 13 is a coating

The measuring device consists of a digital unit 4 moving along a carriage 5 set in motion by a
repeater motor 7 along a guide. A radio frequency unit 8 attached to the receiving and trans-
mitting horn of an antenna 6 is fixed on the carriage as well as an automatic control unit
10 operating all the nodes of the device. The device is connected with the computing machi-
nery by flexible cables. The software allowing to collect and analyze the information obtained
during radar sensing of the artificial foundation 11 in the automatic mode is set up on the
computing machinery. When measurements are taken, the device is shifted along the rigid
guide 1, for the fixation of which anchors 2 are used. The necessary height of the guide over

the examined surface 13 is preset by adjustable legs 3 controlled by a level tube 9.

The processing of the signal reflected from the artificial foundation with dipole elements
12 injected (see Fig. 3) is performed by an electronic component, whose block diagram is
shown in Fig. 4. The sensing signal is fed to modulator 3, on which the modulating signal is
also fed on from a pulse shaper 7, from driving oscillator 1 of the main frequency through a

pilot pulse shaper 2.
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