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Abstract: This document presents some experiences in airport concrete pavements using 3 non-destructive 
techniques that, combined, offer interesting results to assess the current structural condition of pavements. The 
techniques presented in this document are the following: 

•  High-speed 3D laser scanner: (a) to detect damages and cracking on the runway surface, measuring the 
width and depth of cracking in concrete pavements, and (b) to analyze the faulting between slabs. 

•  Measurement of the bearing capacity of the slabs and the load transfer between them, using a heavy 
impact device (HWD). 

•  Survey of the condition of the slabs and the bearing of the soil support, subbase or platform with a 3D 
three-dimensional multifrequency geo-radar antenna, with step-frequency technology.  

Combining these techniques, the analysis of the results makes it possible to know from a structural perspective the 
actual condition of the concrete runways and their capacity to support the actual traffic load of the aircrafts.  

Keywords:  3D Radar; Laser Scanner; Bearing Capacity; PCC Pavement; Airport. 

1. Introduction  

The goal of the survey hereby presented is to assess the condition of the pavement in an 
operating high-occupancy airport runway, in order to determine the maintenance and repair 
needs, to decide about possible solutions without impacting on the air traffic and to suggest 
alternative methods that do not entail very invasive repairs of the pavement, if possible. 

The inspected Airport services more than 15 million people every year and it has a single 
concrete runway in service. Some of its concrete slabs have suffered settling and cracking. The 
runway has regular dimensions, with a length of 3000 meters and a width of 45 meters, and it 
consists of slabs that are 40 cm thick with dimensions of 3.5 x 5 m. 

 

  
 

Figure 1.  Condition of the runway and pavement scanning device 

According to the international standards for airport runways, the works to develop during the 
assessment of the service condition were as follows: 

•  Visual examination of damages and risks for the calculation of the PCI [pavement 
condition index]. 
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•  Continuous measurement of the pavement’s thickness and radar test for the detection of 
voids/honeycombing (non-destructive control). 

•  HWD tests to measure the deformation of the pavement and the load transfers between 
slabs. 

•  Drills, sampling and laboratory tests. 
•  Calculation of PCN [Pavement Classification Number], adaptation of traffic. 

All this information is to be used to draft the technical specifications for the maintenance and/or 
repair works, to define the necessary repair budget and to choose the most adequate repair 
techniques. This document is innovative in that a linear high-speed 3D laser scanner was used 
to analyze the PCI and the pavement surface, and a 3D radar with stepped frequency was used 
to inspect the inner pavement. This information was combined with the measure of the bearing 
capacity assessed by means of a HWD. 

2. Purpose of the Study  

The speed of these three techniques makes it possible to assess the runway in the short time it 
is not under operation. Besides, it will be shown that the quality of results makes it possible to 
assess the runway condition in detail and to evaluate how to better repair it.  

The devices used to this purpose, their use on the runway (sampling and resolution used) and 
the type of data obtained are described below 

2.1 Inspection by means of a 3D Ground Penetrating Radar (GPR) 

The thickness and the condition of the subgrade were inspected by means of a three-dimensional 
(3D) stepped-frequency GPR by 3D-Radar. This kind of GPR is the state-of-the-art in current 
GPR technology. It makes it possible to obtain a 3D model of the subsurface with the highest 
accuracy by using an ultra-wideband signal between 100MHz and 3.0GHz. The 3D GPR 
models used in this project allows for the three-dimensional identification of features such as 
layer thicknesses, cracks, voids or delamination. 

Step-frequency is a radar waveform consisting of a series of sine waves with linearly increasing 
frequency. The radar measures the phase and amplitude on each frequency and uses an inverse 
Fourier transform of these data to build a time domain profile. Thus, the step-frequency radar 
collects data in the frequency domain and converts the data to time-domain data through 
computer processing. 

The step-frequency waveform gives optimum source signature with a uniform frequency 
spectrum. The computer control allows the user to set the dwell time on each frequency as well 
as the start and stop frequencies.  

This step-frequency technology offers the following improvements during the inspection: 

� Efficient integration time. 
� Fully programmable frequency source signature with full spectrum control. 
� The frequency range can be programmed and optimized for each type of measurement 

problem. 
� The raw measurement data can be stored as frequency domain data. This makes it possible 

to reprocess data with different frequency weighting to enhance the features of interest. It is 
also possible to perform frequency domain absorption analysis to study phenomena related 
to concrete delamination, which is very important in pathologies of airport slabs. 

� The frequency domain data is perfectly suited for fast FK-migration for image focusing. 
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� The step-frequency signal is a low peak-power signal with low probability of interference 
with other radio systems. The 3D-radar step-frequency system only transmits when it is 
performing a scan. 

This type of GPR is designed to operate with an electronically scanned antenna array containing 
up to 29 antennas. The antennas are scanned sequentially by the radar unit. The unique antenna 
system consists of air-coupled bow-tie monopole pairs as shown in the Figure below. This 
offers a quasimonostatic antenna configuration with practically zero-offset distance. The air-
coupled antenna array can be operated at elevations up to 50 cm off the ground allowing for 
high-speed surveys. 

 

 

Figure 2. Outline of contactless air antenna by 3D-Radar and trailer on vehicle. 
 

In opposition to traditional octave-band GPR antennas, the ultra-wideband bow-tie monopoles 
have continuous frequency coverage from the 100 MHz range up to 3 GHz as shown in Figure 3. 
In practice this allows for data collection from 100 MHz to 3 GHz without changing antennas. 
By comparison, a similar survey using impulse GPR would require using 200 MHz, 400 MHz, 
800 MHz and 1600 MHz antennas. With this configuration, it is possible to run a scan on the 
whole range (high and low frequencies) from the deepest materials (subgrade) to the slab itself.  
 

 
 

Figure 3. Frequencies used and Scanning depth 
 

The antenna elements are arranged in a linear array where the transmitting and receiving 
antennas are displaced to each other. During the survey, the radar combines the transmit/receive 
antennas sequentially to obtain a number of profiles (or channels).  

In this study 15 channels were used, which offered 15 geo-radar profiles per run. The geo-radar 
pulses were emitted using a frequency range from 100 MHz up to 1800 MHz, with 2.0 MHz 
intervals, meaning that each of the geo-radar readings (traces) obtained in every channel is 
obtained from the composition of 1401 pulses of different frequencies, which are recorded by 
a 16-bit multi-channel device. 

Each of these channels obtained geo-radar readings (a full trace) spaced every 15 cm. The speed 
of the vehicle at the data collection was approx. 20 km/h. 

International Symposium 
Non-Destructive Testing in Civil Engineering (NDT-CE) 

 
September  15 - 17, 2015, Berlin, Germany



2.1.1 Conducted Survey 

For each slab line, two three-dimensional geo-radar profiles were obtained. The runway 
consists of 12 lines of slabs. A total of 24 three-dimensional geo-radar profiles of 3000 m were 
registered. 
 

 
 

Figure 4. 3D Radar during the survey of a runway 
 

The data processing of the 24 3-D geo-radar profiles consisted in:  

1.- Importing and exporting the position and geometry of the profiles to correct the GPS 
positioning due to the loss of satellite coverage. 

2.- Filtering data and applying gains in order to highlight the reflectors of interest for this 
study, so it is possible to identify them and to distinguish them from the noise. 

3.- Estimating the depth of the reflectors on the basis of the calibrations obtained with some 
cores and the standard sections of the runway project.  

4.- Identifying typical reflectors and anomalies corresponding to the separation surface 
between the layers that make up the runway. 

The data were later analyzed using a 3D model to identify anomalous reflectivity patterns, such 
as crack, fractures, debonding, dampness, etc. 

2.1.2 Results 

The results obtained by the 3D radar are ground view images of the 3D model, of which: 

- Three images correspond to images within the slab at a depth of 0.07 m, 0.25 m and 0.37 m 
respectively,  

- One image corresponds to the concrete-lean concrete interface of the slab at 0.44 m, 
- One image corresponds to the lean concrete-granular subbase interface at a depth of 0.61 m, 
- One image corresponds to the granular subbase/subgrade interface at a depth of 0.69 m. 

The anomalies detected were represented over these images, both at the interfaces and within 
each of the layers. Figure 5 shows an example of radargram drawn over the runway where all 
the layers are represented. 
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Figure 5. Example of radargrams taken in the surroundings of a contrast drilling. The upper left part 
corresponds to a longitudinal view where the different layers identified that form the terrain are marked. 
The image on the right corresponds to a transverse view matching the point of the drill. The lower image 
corresponds to a ground view of the 3D model where the limits between the slabs are indicated. 
 

Below are included some representative examples of anomalies detected with 3D technology. 

•  Anomalies within the slab that sometimes remained undetected on the surface because 
they did not progressed towards the surface, but can be observed in the form of voids. 

 

Figure 6. Voids under slabs 

•  Anomalies in the interface of the layers. Debonding between the slab and the lean 
concrete, resulting in a wider reflection. 

 

Figure 7. Debonding between the slab and the lean concrete, resulting in a wider reflection. 
 

2.1.3 Analysis 

International Symposium 
Non-Destructive Testing in Civil Engineering (NDT-CE) 

 
September  15 - 17, 2015, Berlin, Germany



Thanks to the radar analysis it has been possible to detect which crack go through the whole 
slab and split it to the lean concrete layer. Evidently, this type of damages are concentrated at 
the center of the runway. 

Besides, the 3D radar clearly indicates the areas where there is a lack of adherence or debonding 
between the slab and the lean concrete. As it is the case with cracks, this type of damages also 
occur mainly at the center of the runway. 

At for the granular and subbase/subgrade layers, observations reveal areas with greater 
dampness due to a lack of drainage. 

2.2 Inspection of the Surface condition of the pavement (deterioration) using high-resolution 
cameras based on 3d laser technology  

In order to determine the condition of the pavement in airports, a very detailed inspection is 
performed using the ASTM standard: ‘standard test method for airport pavement condition 
index surveys’. This standard contains a very clear definition of the defects to be inspected and 
the type of sampling to be used. With this inspection, the Pavement Condition Index (PCI) is 
calculated, which makes it possible to assess the structural condition and the conservation status 
of the runway. 

The inspection is usually performed by means of an odometer, a 3 m long straight-edge rule to 
measure irregularities and levels and rules to measure the faulting between slabs. In this case 
the inspection consisted in a comprehensive scanning of the runway by means of a 3D system 
with high-resolution cameras here described. These systems offer an improved performance as 
they entail less time of runway occupation and make it possible to take precise measures over 
the images and the point clouds; to some extent it is thus possible to transfer all the digitalized 
information to the office so it can be post processed and managed with analysis algorithms. 

The system used for the scanning of the Surface was the laser crack measurement system 
(LCMS) device by Pavemetrics. This system uses laser line projectors, high speed cameras and 
advanced optics to acquire high resolution 3D profiles of the pavement. This 3D vision 
technology allows for automatic pavement condition assessment of concrete surfaces.  

The LCMS acquires both 3D and 2D image data of the road surface with a 1 mm resolution 
over a 4 m lane width at survey speeds up to 100 km/h. 

The collected data can then be analyzed with automatic algorithms that use both the intensity 
image and the 3D image of the scanning, in order to identify cracks, tinning and faulting 
between the concrete slabs, and at potholes, joints and macro-texture. The transverse profile 
can also be measured with a millimeter interval and with 0.5 mm of vertical resolution.  

 

Figure 8. 3D Scanner of a joint between spalling slabs and a slab with a light beacon. 
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In addition to this, the cameras have also IMUs (inertial measurement units) installed in order 
to measure longitudinal profiles, slope and crossfall. The most relevant features of the system are: 

• Automatic crack detection and severity, 
• 4160 points in a width of 4 m, allowing for the scanning of large areas with a 1 mm 

resolution in a single run,  
• Macro-texture measurements of the surface over 100 % of the lane width, 
• 3D and 2D data to characterize: cracks, pot holes, raveling, sealed cracks, joints in concrete, 

tinning, etc., 
• Day and night operation, 
• Longitudinal profile, slope and crossfall. 
 

 

Figure 9: 3D Cameras System surveying an airport runway. 
 

2.2.1 Conducted Survey 

As the width offered by these cameras is 4 m respect the total width of the runway (45 m), it 
was necessary to divide it into 12 lines (corresponding to the 12 existing lines of slabs) that 
were overlapped to obtain the full width. Then, all the defects on the whole runway were 
analyzed. 

With the data obtained, the PCI was calculated and the damages (especially any cracking) were 
assessed by means of a 3D data device.  

Below are shown some examples of the type of results that can be obtained with this technique 
at a traffic speed. 

In addition to the PCI assessment that considers the whole runway as a whole, a simple indicator 
has been defined to assess the cracking of the surveyed sections. This indicator makes it possible 
to determine the total length of cracks expressed in meters per measured line and the total length 
of cracks per m2. It is then possible to generate a mapping where the slabs that need repair can 
be located.  

Figure 10: LCMS mapping of deterioration (cracks, pot holes, sealed joints) across whole width of runway,  
3D reconstruction of cracks between slabs. 
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2.2.2 Analysis 

From the 3D LEMS analysis it can be observed that the deterioration is concentrated on the 
central runs, which can be clearly assessed. 

The most common defects are corner breaks, joint spallings, linear cracking, shrinkage cracking 
and small patches. As the 3D system makes it possible to see the sealing condition of the cracks, 
the assessment is evaluated as good, bad and fair. 

3. Surveys performed with a Heavy Weight Deflectometer (HWD) 

In addition to the detection of the surface condition of the pavement with 3D cameras and of 
the condition within the different layers and their interfaces with 3D radar, deflection measures 
on the runway were also taken. The deflections measurements were carried out to obtain the 
bearing capacity of the runway pavement. For this purpose, a Heavy Weight Deflectometer 
(HWD), Dynatest model HWD 8082 was used. 

The HWD is a heavy device –its load is heavier than that of the Falling Weight Deflectometer 
(FWD). It consists of a mass that, when falling, impacts on the elastic damping system. The 
said damping system consists of a set of rubber dampers, the features and number of which 
modulate the form of the resulting load impulse and the contact time. This system is installed 
over a plate. Between such plate and the test surface there is a rubber pad to enhance the contact. 

Thanks to this system, it is possible to generate an impact on the pavement that simulates the 
load applied by a running shaft with weight load. This system is usually used both in roads and 
airport runways, although the load used in the latter case is heavier. 

Besides, this device also includes a series of sensors used to measure the vertical deflections 
that the impact has on the pavement, both in the middle of the plate and at different positions 
in different points from the center of the said plate. 

The deflections are recorded in different sensors placed at different distances from the center 
of the plate. Those deflections recorded by the sensor placed under the plate respond to the 
deformation of all the layers of the pavement, offering information about the behavior of the 
whole of the pavement, while the deflections recorded by sensors placed further away from the 
center of the plate are due to deformations in lower layers, particularly at the layer of natural 
soil support. 
 

 

 

 

 

 
Figure 11: Distribution of geophones respect the load plate. 

 
The principle of operation of the HWD equipment consists of measuring and recording the 
surface deformation. After stopping the device on the measuring point, a pressure plate with a 
central geophone (displacement sensor), and geophones located on the measurement beam are 
automatically set on the surface. A pre-set weight then falls from a given height. In the generator 
unit, a force impulse is generated and transmitted to the test surface through a pressure-plate. 
As a result of the impact, the structure and the ground surface are subject to elastic deformation 
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in an area the size of which depends on the size specified by the test load and the stiffness of 
the test structure. The surface deformation is measured by 9 geophones set at defined distances 
from the axis of the force loading. 

Based on the analysis of the deflection bowl of the HWD and the thickness of layers, and on 
the basis of additional data as PCI, it is possible to determine the remaining life of the pavement 
and the means necessary for its repair. 

3.1 Conducted Survey 

The deflections of concrete slabs were surveyed by means of a Dynatest HWD. To do so, the 
deflections produced by a weight of 235.4 KN falling at the center of a 300 mm diameter plate 
were recorded, with a total of 9 geophones configured at (-)300 – 0 – 300 – 450 – 600 – 900 – 
1200 – 1500 – 1800mm. 

Considering the size of the runway (a concrete surface with a length of 3000 m long and a width 
of 45 m), the lines and the survey points were homogeneously distributed along the surface, 
although the distribution of the aircrafts was also taken into account. The runway consists of 
3.75 m x 5 m concrete slabs, with a total of 12 transverse slabs and 600 longitudinal slabs 
(identified with numbers from 1 to 600). 

According to these criteria, data was acquired in ten (10) runs along the runway –the ones at 
the ends were suppressed as they could affect the aircraft traffic. A total of 375 surveys were 
performed at the slab center, amounting to 1 survey every 19 slabs. 

With the aim of obtaining as much information as possible from the HWD device and 
complementing the surveys at the center of the slabs, some random slab joints were assessed in 
order to know the load transfers between continuous slabs and to identify eventual voids under 
some of the existing cracks.  

This procedure consisted in acquiring the deflections at both sides of the slab joints so as to 
determine the load transfer and the eventual existence of voids/honeycombing due to three 
impacts of 137.34, 176.58 and 235.44 kN on a plate with a 300 mm diameter. 

Due to the large number of existing slabs in the runway, a random sampling was performed, 
thus obtaining a general view of the load transference between slabs. Homogeneously 
distributed data were recorded, and the surveys were performed over a statistically 
representative sample. 

The data collection procedure for each of the surveyed parameters was based on the AASHTO 
‘Guide for design of pavement structures’, and the ‘Guide for mechanistic-empirical design of 
new and rehabilitated pavement structures’. 

3.2 Measure of Load Transference between Slabs (%) 

When applying a load at one side of the joint of a concrete pavement, both the loaded and the 
unloaded sides are bent because part of the load applied at one side of the joint is transferred to 
the other side. Then, both deflections and stress are reduced in the loaded side. 

Thus, it is possible to calculate the efficiency of the load transfer based on the relationship 
between the deflection at the unloaded side and the deflection at the loaded side of the joint. 

Efficiency of the load transfer = (Ds /Dc) x 100 
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3.3 Void Index (mm/100) 

This method, intended for the detection of voids in surveyed slabs, is also based on the 
AASHTO method, obtained by applying three different loads at the surveyed point, and has 
been developed on the basis of the proportions between loads and deflections. 

The absence of voids is determined by the line connecting the values obtained at the three 
impacts (called regression line) passing through the coordinate origin in a load-deformation 
diagram. 

On the contrary, the existence of voids is determined by the value of the residual deflection, 
which is defined as the value measured at the Y-axis at the cutting point of the regression line. 

The greater the deformation is, the greater the void at the surveyed point will be. 

The deflection measure offers high values in the whole runway, except for the slabs that show 
large cracks, detected both with 3D radar and with LCMS. 

The load transfer and the percentage rate of voids confirm the hypothesis suggested by the 
measures taken with the 3D radar and the LCMS device. 

4. Conclusions 

The use of high-performance techniques with 3D technology, both radar (3d Radar) and scanner 
(LCMS cameras) to survey the pavement, combined with the Heavy Weight Deflectometer 
(HWD) offer very valuable information about the concrete pavements (PCCC) of airport 
runways. 

The results can be used to obtain mappings of deterioration, to take measurements, and to plan 
possible repair actions. At a later stage it would be possible to evaluate the efficacy of the repairs 
and the works performed. 

Both the 3D radar and the 3D laser cameras are high-performance devices which do not 
interfere with aircraft traffic at the airport, as the measures thus obtained are taken in very short 
periods of time. 
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